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PHOTOGRAPHERS versus OLD FASHIONED ASTRONOMERS. 



ORMOND STOXK.* 

Professor Holden's article in the Overland Monthly for No- 
vember, entitled. " Photography the Servant of Astronomy," 
will not simply interest an intelligent public, but is likely to 
prove of real service to practical astronomers by again calling 
their attention to the great use which photography promises 
to offer to astronomy, and that too in the immediate future, 
and by so doing stimulate them to still greater activity in this 
important branch of celestial physics. 

Celestial photography is making rapid strides, but the sub-- 
ject is yet in its infancy, and is likely to accomplish vastly more 
than most of us have realized. Professor Holden's resum6 is 
interesting, and gives a comprehensive view of what photog- 
raphy is doing and is likely to do in aid of astronomy.t 

I desire, however, to call attention to the impression which 
must naturally be made upon the ordinary reader by much of 
what is now written by those interested in celestial photog- 

♦Direclor of the Leander Mc(.!ormick Observatory, rtiiversity of Virginia, Va. 

t(Jne minor subjei't he does not touch upon, namely, the investi}>;^ation of the character- 
istics of optical jjlass, which, while not strictly a part of astronomy, is a subject so important 
to every astronomer as to be fitly classed with the other services mentioned by Professor 
Holdcn. The characteristics of an object ^l^iss can be readily studied by photoji^raphing the 
spectra of stars, and studying the widths of the different portions of these spectra when ob- 
served at various positions on each side of the focus of the objective under consideration. 

The use of photography for the investigation of the indices of refraction of the ultra 
violet rays, I have not seen suggested anywhere, though 1 do not doubt it has been proposed 
as it might easily have escaped my notice. All that is necessary- apparently, is to substitute 
a camera for the eye in the use of the spectrometer, photographing, at the same time, a 
plumb line attached to the viewing telescope. The details of the operation will easily sug- 
gest themselves to anyone familiar with the use of the goniometer and the camera. 
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raphy. One would infer, I think, that there is no longer any 
use for that venerated, but now to-pass-away, class of indi- 
viduals hereafter to be known as " old fashioned astronomers," 
and that hereafter observers skilled in the use of the meridian 
circle and the micrometer, will bear about the same relation 
to astronomical photographers as did the astronomers who 
lived before the invention of the telescope to the Herschels 
and the Struves of later date. 

While welcoming photography as ushering in a new era in 
the history of the science, it may well be questioned whether 
the older methods will be altogether discarded. While, no 
doubt, photography will accomplish much, will it accomplish 
everything } In fact, cannot many observations be made better 
without the aid of the camera than with, and will this not be 
the case for some time toxome } 

The most important work relating to the structure of the 
heavens, as perhaps all will agree, is the determination of the 
accurate positions of the stars. However interesting such ex- 
periments may be, it is questionable whether the introduction 
of a photographic plate instead of the eye will not complicate 
rather than improve observations made with the meridian 
circle. In the case of close objects, such as clusters, while the 
positions of a larger number of objects observed in the field of 
an equatorial can probably be obtained with a given accuracy 
in a given time, still it remains to be seen whether the highest 
accuracy is to be obtained by the micrometer with or without 
the aid of the camera ; for after all, it is not a question of 
doing away with the micrometer, but of making the observa- 
tions directly at night upon the celestial objects themselves, 
or afterwards measuring their photographic images, still using 
the micrometer, though under a different name ; nor am I so 
sanguine that by photography micrometrical measurements 
will be completely freed from the. effects of atmospheric dis- 
placement. In the case of double stars, further evidence is 
needed to show that with a given accuracy a larger number of 
objects can be observed in the same time with the camera than 
without, assuming that it requires nearly as much time and 
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trouble to make a good photograph of a double star as it does 
to make one of a cluster. As to the new methods not requir- 
ing highly skilled observers ; if skill is required to properly 
bisect a double star as seen in the heavens, why will not the 
same skill be required to bisect its images as observed in the 
measuring engine ? 

In regard to the Nebula of Orion, the beautiful photograph 
of Mr. Common does, without doubt, give the form with an 
ease and an accuracy which are unattainable by any other 
known means ;* still I an) inclined to agree with Professor 
Holden, ** that the figure of the Nebula of Orion has remained 
the same from 1758 to now; * * * but that in the bright- 
ness of its parts undoubted variations have taken place, and 
that such changes are even now going on ;" and it may be 
taken as an axiom, that any changes in form will be at least 
accompanied, if not preceded, by changes in brightness. If 
this be true it is not to photography but to photometry, that 
we must look for the earliest positive evidence of changes in 
this the most remarkable nebula in the heavens. The obser- 
vations ot this nebula which were made at this observatory in 
1885 were merely tentative in their character and were made 
without a knowledge of the existence of Mr. Common's pho- 
tograph. The winter of 1885-86 was a very cloudy one and 
but few opportunities were obtained for obserying it. During 
the past September and October, howe.ver, the nebula was re- 
peatedly examined, not for the purpose of determining 
the form of the nebula but of determining the relative 
brightness of the various condensations of which it is com- 
posed. The region A preceding the trapezium was es- 
pecially observed, and the brightness of its condensations 
compared with one another and with other portions of the 
Huyghenian region. The differences of brightness were esti- 



*In some parts of the nebula I am unable to see with our gfreat refractor some of the de- 
tails there given ; in other parts I have recognized details not shown in the photograph, and 
this remark is not limited to portions concealed by the enlarged images of the brighter stars. 
In this connection it is interesting to note that the portion of the region A just following the 
star B 589= H 57 is perhaps the brightest portion of A, as shown in Mr. Common's photo, 
graph ; while, as seen here this year, it is one of thc/aintest. 
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mated in " steps," as was done by Argelander in his observa- 
tions of variable stars, each condensation being usually com- 
pared on the same night both with brighter and with fainter 
condensations. Such estimates probably give more reliable 
results than can be obtained with the aid of the camera. 

Other cases where the older methods are the better will 
probably suggest themselves. 

The object of this note is, however, not to decry the use of 
photography for astronomical purposes, but rather to suggest 
that photography will not necessarily displace every other 
method of observation, but that much still remains which can 
be accomplished by an old fashioned astronomer. After all,. 
I take it, Prof. Holden and others who are so forcibly im- 
pressed with the utility of photography, do not mean to " ring, 
out the old/* but .simply to "ring in the new." Then hail to- 
photography, one of astronomy's most useful, but not her only 
.servant. 

« 

TEN YEARS' PROGRESS IN ASTROMOMY (1876-1886).* 

PROFESSOR C. A. YOUNG. 

The Earth, 

In what may be called the astronomy of the earth, there is^ 
no very great discovery, nothing extremely new and brilliant 
to record during the past decade ; but there has been consid- 
erable and steady progress. 

As regards the earth's form and dimensions, it has be- 
come quite certain that Bessel's ellipticity (is^^) is too small- 
Clarke's value of iK is now admitted and employed on the U. 
S. Coast Survey with a decided improvement of accordance* 
A slightly larger value even is suggested by the most recent 
pendulum observations, and ^iv is now adopted in Europe. 

One of the most important steps in this branch of investi- 
gation is the discovery, by Mr. Peirce (of our own Coast Sur- 
vey), of the large correction required in many former pendu- 

^Address before ihc New York Academy of Sciences, delivered May 17, 1886. 
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lum determinations, on account of the yielding of the stand 
from which the pendulum is suspended. 

During the past ten or fifteen years, a great amount of ma- 
terial has been collected towards a complete gravitational 
survey of the earth, by the work of Lieut.-Col. Herschel in 
India, and of the officers of the Coast Survey in this country 
and elsewhere, and a very important part of it has consisted 
in connecting the older work with the new, by Peirce*s opera- 
tions in Europe, and those of Herschel in this country. 

At the same time it has become increasingly evident that 
very little is now to be gained by endeavoring to find a sphe- 
roid fitting the earth's actual form more closely. It will be 
best simply to adopt some standard (say that of Clarke, but it 
tnakes very little difference what), and to investigate hereafter 
the local deviations from it. These deviations seem to be larg- 
-er and more extensive than used to be supposed, the station 
errors in latitude and longitude being at least quantities of the 
^ame order as the variations of elevation. 

We mention, in passing, the investigations of Fergola, based 
•on observations at Pulkowa and Greenwich, and leading to a 
suspicion that the axis of the earth is slightly changing its 
position and shifting the place of the poles on the earth's sur- 
face. Operations have been organized to determine the ques- 
tion, by co-operation between difi'erent observatories in nearly 
the same latitude, but widely differing in longitude. 

Nor ought we to pass unnoticed an elaborate paper by Kap- 
teyn, of Groningen, on the determination of latitude by a 
method depending upon time-observation of stars, at equal alti- 
tudes, though in widely diff'erent parts of the sky ; the stars 
being so selected that all errors of star-places, instrument, and 
-clock, are almost perfectly eliminated. In the same connec- 
tion we ought to mention aiso the new equal-altitude instru- 
ment, the Almucantar, invented by Chandler, of Cambridge, 
and his development of the method of determining time by its 
use. It may possibly supersede the transit instrument for this 
purpose, as he seems to expect, though we think it hardly 
likely. 
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Rapid progress has been made in determining the difference 
of longitude between all the principal parts of the earth. There 
now remain very few stations of much importance, which have 
not their longitude from Greenwich telegraphically settled 
within a small fraction of a second. In Europe, Albrecht has 
combined into a consistent whole all the different data for 
more than one hundred points. Our American system has 
been similarly worked out by Schott, and is connected with 
the European by no less than four different and independent 
cable-determinations. South America is connected with the 
United States by the recent operations of our naval officers in 
the West Indies and along the eastern and western coasts of 
the continent ; and with Europe by a cable connection be- 
tween Lisbon and Pernambuco, also effected by them. It is 
worth noting that two large errors in European longitudes 
owe their detection to American astronomers. The difference 
of longitude between Greenwich and Paris was corrected by 
our Coast Survey in 1872 to the extent of nearly half a second 
of time, and our naval officers in 1878 showed that the then 
received longitude of Lisbon was 8.54^ too small! It is a less 
surprising fact that an error of 35.^ was found in the longitude 
of Rio. 

Our navy has also determined an important series of tele- 
graphic longitudes along the eastern coast of Asia and through 
the East Indies. The French have been doing similar work 
in the same regions, especially in connection with the transits 
of Venus; and the English have determined a large number 
of longitudes in India. These Asiatic longitudes have been 
recently connected with Australia and New Zeland by Eng- 
lish astronomers, and a telegraphic longitude connection has 
been effected down the eastern coast of Africa from Aden to 
the Cape ; so that now it is perfectly practicable, if it is desir- 
able, to have one standard of time in all the civilized world. 

A word perhaps is here in place as to this question of stan- 
dard time, and the beginning of the day. The adoption by 
our railroads of the system of standards differing from Green- 
wich time only by entire hours has, I think, been admittedly a 
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great step in advance, as regards public convenience and safety 
in traveling. At a few points, where standard and local time 
happen to differ by nearly the maximum possible amount of 
half an hour, some annoyance is felt and there is still some 
opposition ; but it seems quite clear that, in this country at 
least, air resistance will soon die out. 

As regards the more purely astronomical question of making 
the astronomical day coincide with the civil day, by beginning 
at midnight, instead of noon, as it does at present, there is 
more difference of opinion. For my own part I am frankly in 
favor of the change, because I see no use in perpetuating an 
anomaly which is sometimes annoying and confusing. At the 
same time the change would, of course, involve some incon- 
venience to computers and night observers, and it must be ad- 
mitted that at present a large number, and po'^sibly a majority 
of the most eminent astronomers, in other countries as well as 
in this, are opposed to it. Those of us whose work falls about 
as much in the day as in the night, and those, I think, who 
take a long look ahead, are in favor of the reform ; but those 
whose work is mainly nocturnal, or is based on observations 
made chiefly at or near the ** witching hour," dread the incon- 
venience of a change of date in the midst of the record, and 
the risk of confusion in the interpretation of old observations. 

The question, however, seems to me not a very important one. 

I notice that the visitors of the Royal Observatory have just 
recommended that the change be introduced into the British 
Nautical Almanac for 1891. 

Before passing to the moon, a word should be added as to 
the outcome of the most recent investigations regarding the 
steadiness of the earth\s rotation. Some irregularities in the 
lunar motions have appeared to justify a suspicion, at least, 
that they might be caused by irregularities in the length of 
the day. The researches of Newcomb upon ancient eclipses 
and occultations of stars give results not necessarily inconsist- 
ent with this hypothesis, perhaps even slightly in its favor ; 
but his careful examination of the past transits of Mercury 
contra-indicates it pretty decidedly. 



8 THE SIDEREAL MESSENGER. 

* 

The Moon. 

During the past ten years there has been no work upon the 
lunar theory quite on a level with that of Hansen, Delaunay, 
Plantamour, and Adams in the years preceding ; but the labors 
of Neison, Hill, and Newcomb well deserve mention. The 
former especially has carried his approximations to a«consider- 
ably higher point than any of his predecessors, though not 
without making a few numerical mistakes, which have been 
detected and corrected by Hill. The investigation of ancient 
and mediaeval observations of the moon by Newcomb is also a 
very important work, as showing clearly that the lunar theory 
is still incomplete, and that it is impossible by any tables yet 
made to represent accurately the whole series of observations. 
A value of the secular acceleration, which suits the observa- 
tions of the last two hundred years, will not fit the Arabian 
observations made one thousand years ago, nor will it satisfy 
the eclipse observations of still more ancient date ; unless at 
least the received interpretation of those ancient eclipses be 
admitted to be wrong, as Prof Newcomb seems to consider 
rather probable. From his discussion he derives for the secu- 
lar acceleration a value of 8.4" as against the value of 12.1" de- 
duced by Hansen. 

It will be remembered probably by every one present that 
the theoretical value of this quantity is about 6'\ and that 
Ferrel, Adams, Delaunay and others attributed its apparent 
increase to 12^^ to the action of the tides in retarding the 
earth's rotation and so lengthening the day ; if Newcomb's 
value is correct, this retardation is cut down from 6'^ to about 
to 2.5^^ 

The study of the moon's surface has been carried on with as- 
siduity, but I do not know that any remarkable results have 
been reached, though Klein's observation, in 1877, of what he 
supposed to be a newly-formed crater (Hyginus N.) excited a 
good deal of interest and discussion for a number of years ; 
and the most eminent selenographers are still divided in opin- 
ion on the question. 

The publication by the German government of Schmidt's 
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jgreat map of the moon, in 1878, unquestionably marks an ep- 
och in selenography ; and the photographic work of Pritchard, 
and the heliometric determination of the moon's physical libra- 
tion by Hartvvig, must not pass unnoticed. 

Probably, however, the lunar work which has drawn to itself 
most attention and interest is the investigation of the moon's 
heat by Lord Rosse and Professor Langley. 

The earliest observations of the kind date back now forty 
years, when Melloni, in 1846. first detected the moon's heat 
by means of the then newly invented thermopile. But the 
first really .scientific measurements are only about fifteen years 
old, due to Lord Rosse, at Parsonstown, and to Marie Davy, at 
Paris ; and they seemed to show that at the time of full moon 
we receive from our satellite, not merely reflected heat, but 
warmth radiated from the moon's surface ; as if this surface 
were raised to a considerable temperature by the long insola- 
tion to which it has been exposed during the preceding fort- 
night. Lord Ro.sse estimated the probable temperature of this 
heated rock to be as high as from 300° to 500° F. 

But within the past four or five years this conclusion has 
been called in question. Observations at Parsonstown, of the 
rapid diminution of radiation d.uring a lunar eclipse, seem to 
favor the newer view, that the moon's surface, like that of a 
lofty mountain-top on the earth, never gets very hot, since 
the absence of air enables the solar heat to escape nearly as 
fast as it is received. 

Professor Langley's recent and still progressing work upon 
this subject far excels in delicacy and elaborateness anything 
done before. At first it seemed t ) show that the temperature 
of freezing water was never reached even at the hottest parts 
of the lunar surface ; but the latter observations throw some 
doubt on the legitimacy of this inference. It is found that 
the radiation from the moon unquestionably contains a con- 
siderable percentage of rays'which have a wave-length longer 
than any of the heat rays from melting ice ; and this fact has 
been supposed to make it probable that the moon's surface 
was colder than the ice. But then, within a few weeks. Pro- 
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fessor Langley has found the long-waved rays in the radiation 
from an electric arc! So the question still hangs debatable. 

The Sun's Parallax, 

I think we may say that, during the past ten years, substan- 
tial progress has been made with the problem of the solar par- 
allax. The transit of Venus, in 1882, adds whatever value its 
results may have, to those obtained eight years before ; but, 
on the whole, so far as can be judged from the reductions thus 
far completed and published, it would seem likely that the 
outcome of the transit observations will be simply to confirm 
the results obtained by other methods. It may be that the 
data obtained from the German heliometer measurements will 
prove more accordant and decisive than those derived from 
photographs and from the contact observations ; there are fly- 
ing rumors that they will, but it will be necessary to await 
the official publication for certain knowledge on this point. 
If they do not, we shall be obliged, hereafter, to relegate transit 
observations to a secondary rank, as a means of determining 
the sun's distance. From the various observations of the two 
transits, different computers have deduced values of the paral- 
lax all the way from W.6 to 8".95, corresponding to a distance 
ranging from 95,000,000 to 91,500,000 miles. 

The case is quite different with the heliometer observations 
of the opposition of Mars, in 1877, made by Mr. Gill, at Ascen- 
sion Island. These give in a most definite and apparently 
authoritative manner a value of 8".783, and are apparently irre- 
concilable with any value much greater than 8".8i, or less than 
8". 75. So far as can be judged from the number, nature and 
accordance of the observations, I believe we must accept this 
as the most trustworthy of the geometrical methods yet em- 
ployed ; though the weight of the result would certainly be 
increased if it did not depend to such an extent upon the work 
of a single individual. 

The confidence of astronomers in the correctness of this 
value is greatly fortified by the fact that the most recent and 
reliable determinations of the velocity of light, made by Mich- 



TEN YEARS' PROGRESS IN ASTRONOMY. ji 



elson and Newcomb, in 1877, 1880, 1881 and 1882, when 
combined with the Pulkowa constant of aberration de- 
termined by Nyren from all the data available up to 1882^ 
give a solar parallax accordant with the preceding, almost to 
the hundredth of a second — 8".794 as against 8^'. 783. It is 
true there are possible theoretical objections to the method ; as 
for instance, that the result may be slightly affected by the 
motion of the solar system through space. Enough is not 
known certainly about the constitution of the medium that 
transmits light through space, to decide all such questions a 
priori and authoritatively ; but it is unquestionable that any 
correction needed on account of such possible causes of error 
must be very minute. 

We believe, therefore, that it is safe to assume pretty confi- 
dently, that the solar parallax is about 8". 8 (though probably 
a trifle less), which makes the sun*s mean distance 93,000,00a 
miles, with an error not likely much to exceed 150,000 miles. 
A larger value of the parallax (about 8".85) still holds its 
ground in the nautical almanacs, and undeniably is nearer the 
average of the results given by all the known methods. But 
none of the other methods seem to us to compete at all in pre- 
cision with the two whose authority we accept. 

The Sun and Meteorology, 

The study of the solar surface has been carried on very per- 
sistently by Spoerer, in Germany, as well as by others, and a 
great amount of material has been collected bearing upon the 
theory and nature of sun-spots, and their periodicity. The 
extensive series of photographs obtained at Kew, and at 
Dehra Doon, in India, constitutes almost a continuous record 
of the solar surface for several vears. The relation betweei> 
this periodicity and terrestrial conditions has been assiduously 
examined, but on the whole the outcome seems to me to leave 
this connection as doubtful as it ever was, in most cases at 
least. While in some parts of the earth it looks as if there were 
a slight but marked increase of storm and rainfall at the time 
of sun-spot maximum, the reverse seems to be true in other 
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countries. In South America, Dr. Gould thinks that he has 

-demonstrated a very perceptible effect of the condition of the 

sun's surface in modifying the strength and direction of the 

winds ; but thus far similar investigations elsewhere show no 

such result. It will evidently be necessary to wait for a longer 

and more widely extended collection of statistics to settle the 

-question. We do not even know as yet whether we get more 

or less than the average heat from the sun during the sun-spot 

maximum. 

But I think it may be set down ascertain that the condition 

of the sun's surface exerts, if perhaps a real, yet only a very 

•slight effect upon our earthly meteorology. With terrestrial 

magnetism the case is markedly and singularly different, and 

one of the most interesting problems now pressing for solution 

is the nature of the connection between solar disturbances and 

magnetic storms. 

Solar Heat, 

• 

A great deal of labor has been expended upon the study of 
the sun's heat during the last decade. The investigations that 
strike me on the whole as most worthy of mention are those of 
our own Langley and of the Italian Rosetti, whose early death 
a few months ago is a great,loss to science. Secchi and Erics- 
son, on the one side, had contended for a solar temperature of 
some millions of degrees, basing their results on Newton's law 
of cooling ; while on the other, Crova and Violle, from their 
measures of the solar radiation, reduced according to the so- 
-called law of Dulong and Petit, maintained that the tempera- 
ture does not much exceed that of many terrestrial furnaces, 
somewhere from 1,500° to 2,500° C. . Rosetti's experiments 
upon the radiation of the electric arc and other sources of in- 
tense heat, showed pretty clearly the inapplicability of Du- 
long and Petit's law to high temperatures, and indicate a solar 
temperature not far from 10,000° C, or 18,000° F. But they 
also make it clear that the limits of uncertainty are still very 
great. 

Professor Langley, by his invention of the bolometer, has 
been able to investigate separately the amount of energy 
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transmitted to the earth in the solar rays of every possible 
wave-length, and to determine the effect of our atmosphere in 
absorbing each kind of ray. He has shown that the older 
method of investigating this solar radiation, in a lump so ta 
speak, gives fallacious results on account of atmospheric ab- 
sorption ; and that the necessary correction compels us to in- 
' crease our estimate of the sun's energy at least twenty per 
cent. In my own little book upon the sun, published in 1881, 
I had set the so-called solar constant at twenty-five calorics 
per square metre per minute. It is now certain that it must 
be put at least as high as thirty. Professor Langley*s investi- 
gations seem also to show another remarkable fact — that we 
do not receive from the sun any at all of the low pitched^ 
slowly pulsing waves, such as we get from surfaces at or below 
the temperature of boiling water. The solar spectrum appears 
to be cut off abruptly at the lower end ; and this cutting off^ 
we know cannot have been effected in the earth's atmosphere^ 
because we receive from the moon in considerable quantity just 
this very sort of low-pitched rays. Langley finds them also 
abundant in the radiation of the electric arc, so that we can 
hardly suppose them to be originally wanting in the solar 
heat. It now looks as if we must admit that they have been 
suppressed either in the atmosphere of the sun itself, or in in- 
terplanetary space. Another striking conclusion first clearly 
pointed out by Langley is that, if the sun's atrnosphere were re- 
moved, its light would be strongly blue. 

The Solar Surface and Spots. 

As regards the general make-up of the solar surface, I do 
not think there has been any new fact of extreme importance 
brought out within ten years. Janssen has, however, carried 
solar photography to higher excellence than ever attained be- 
fore, and has obtained plates that show the " granules" and 
their grouping on a scale previously unknown. He thinks that 
his plates prove a peculiar constitution of the solar surface^ 
consisting in collections of clearly defined and rounded granules^ 
separated by regions or streaks where they are ill defined and 



14. , THE :;iDEREAn MESSENGER, 



elongated ; and he calls the phenonienon the ** reseau photos- 
pherique," or photospheric network. According to him the 
*** net" remains approximately constant for some minutes at a 
time, as shown by plates taken in quick succession, but is sub- 
ject to rapid and enormous changes in periods exceeding a 
quarter of an hour or so. I find some skepticism among high 
authorities as to the trustworthiness of his conclusions. There 
are suggestions that the appearances presented may be due to 
currents of air in the telescope tube and at the surface of the 
sensitive plate ; but I am disposed to think he is right, for, on 
several occasions when the seeing has been exceptionally fine, 
I have observed with my own eyes something quite analogous 
in our large telescope at Princeton. 

The spots have been carefully studied by several observers, 
by Spoerer especially, in a statistical way, and by Vogel, 
Lohse, Tacchini, and others, as to structure and detail. Spoerer 
has brought out very clearly the connection between the num- 
ber and average latitude of the spots. It appears that, speak- 
ing broadly, the disturbance which produces the sun-spots be- 
gins in two belts on each side of the sun's equator in a latitude 
of over 30°; these belts or spot-zones then gradually move in 
towards the equator, the sun-spot maximum occurring when 
their latitude is about 16°; while the disturbance gradually and 
finally disappears at a latitude of 8° or 10°, some twelve or 
fourteen years after its first appearance. But two or three 
years before this disappearance, a new zone of disturbance 
shows itself in the same latitude as its predecessor, so that for 
a while, about the time of sun-spot minimum, there are two 
well-marked zones of spots on each side of the sun's equator; 
one pair near the equator, due to the expiring disturbance 
which began some ten or twelve years ago ; the other far from 
the equator, and due to the newly arising out-burst, which will 
reach its maximum in three or four years, and then pass away 
like the former. 

There can be no doubt that the phenomenon is a very sig- 
nificant one, but its explanation, like that of the periodicity it- 
self, is still to be found. 
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Nor is the problem of the spots themselves yet fully solved. 
Not that there is any reasonable question that they are hollows 
in the solar photosphere ; but how they originate, how deep 
they are. and what are the causes of their darkness, and the 
condition and temperature of the darkening substance ; these 
are questions to which only uncertain answers can now be 
given. A long and important series of observations upon the 
widening of the lines of certain elements in the sun-spot spec- 
tra has been made by Mr. Lockyer, and establishes clearly the 
fact that those lines, of iron for instance, which are conspicu- 
ously black and wide in the sun-spots, are often just those which 
do 7iot show themselves conspicuously in the prominences; and 
moreover both in spots and prominences the iron lines that do 
show themselves are most frequently those which closely co- 
incide with lines in the spectra of other substances. Singu- 
larly, also, and so far quite without explanation, it appears ac- 
cording to his observations that at the sun-spot maximum 
those iron lines, which at other times are conspicuous in spot 
spectra, entirely disappear. 

Perhaps I may be allowed to mention here a recent observa- 
tion of my own upon these spot spectra: with a high disper- 
sion the darkest part of the spot spectrum is found to be not 
continuous, but made up of fine lines overlapping or almost 
touching each other, with here and there a clear space left, 
like a* fine bright line. It means, I think, that the absorbing va- 
pors which darken the interior of the spot are wholly gaseous, 
and tend to disprove the idea that they are mostly of the nature 
of smoke or steam. We mention, also, in passing, another thing 
which has been shown by our large instrument at Princeton — 
that the apparently bulbous, finger-tip-like terminations of the 
penumbral filaments are often, under the best circumstances 
of vision, resolved into five bright, sharp-pointed hooks which 
look like the tips of curling flames. 

The Solar Spectrum, 

In 1877, Dr. Henry Draper, of New York, by a series of most 
laborious, time-consuming and expensive researches, discov- 
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ered the pr.esence of oxygen in the sun, evidenced in his pho- 
tographs, not by fine dark lines, as in the case of elenients 
previously recognized, but by bright, hazy bands. It is diffi- 
cult to assign any reason why this gas should behave so pecu- 
liarly and so differently from others, and for this reason many 
high authorities are indisposed to accept the discovery. But 
the evidence of the photographs seems fairly to outweigh any 
such purely negative theoretical objections. 

Other advances have been made in the study of the spec- 
trum, due mainly to the great improvements in spectroscopic 
apparatus. Until recently it has not been easy to decide with 
certainty as to some lines in the spectrum whether they were 
of solar or telluric origin ; the great bands known as A and B 
for instance. It was only in 1883 that the Russian EgorofT 
succeeded in proving that these are produced by the oxygen 
in the earth's atmosphere. In his experiments on a scale pre- 
viously unknown, the light was transmitted through tubes 
more than sixty feet in length, closed at the end with trans- 
parent plates, and filled with condensed gas. 

It was quite early pointed out that the sun's rotation ought 
to produce a shift in the position of lines in the spectrum ac- 
cording as the light is derived from the advancing or receding 
edge pf the solar disc, and Zollner thought he could perceive 
it. The earliest measures y however, were, I believe, those ob- 
tained independently by Vogel and the writer in 1876. In the 
great bisulphide of carbon spectroscope of Thollon, the dis- 
placement becomes easy of observation ; and very recently 
Cornu, by taking advantage of it, and by an extremely ingen- 
ious arrangement for making a small image of the sun to os- 
cillate across the spectroscope slit two or three times a second, 
has been able to discriminate at a glance between the telluric 
and solar lines ; the former stand firm and fast, while the lat- 
ter seem to wave back and forth. 

In this connection also should be mentioned the great map 
ot the solar spectrum, for which Thollon received the Lalande 
prize of the French Academy of Sciences last January, and 
the still more accurate and important map photographed by 
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Professor Rowland, by means of his wonderful diffraction grat- 
ings, and now in course of publication. Nor would it be just 
either to omit the earlier and less accurate maps of Fievez and 
Vogel, which, when published, were as far in advance of any- 
thing before them as they are behind the new ones ; nor the 
maps just made by Professor Smyth, of Edinburgh. 

It was in connection with the construction of such a map by 
Mr. Lockyer, that he was led to his theory of the compound 
nature of the so-called chemical elements, partly as a result of 
his comparisons of the spectra of different substances with the 
solar spectrum, and partly in consequence of considerations 
drawn from certain phenomena observed in the solar and stel- 
lar spectra themselves. His first paper on the subject was read 
late in 1878. This "working hj'pothesis," as its author calls it, 
has met with much discussion, favorable and unfavorable. It 
unquestionably removes many difficulties, and explains many 
puzzling phenomena ; at the same time there are very serious 
objections to it, and some of the arguments upon which Mr. 
Lockyer originally laid much stress have turned out unsound. 
For instance, he made a great point of the fact that, after all 
precautions are taken to remove impurities, several elementary 
substances show in their spectra common lines — " basic lines " 
he called them — indicating, as he thought, a common compo- 
nent. He found in the solar spectrum about seventy of these 
^* basic lines." Now, under the high dispersion of our newer 
spectroscopes, these lines, which were single to his instru- 
ments, almost without exception dissolve into pairs and trip- 
lets, and withdraw their support from his theory. 

I suppose that at present the weight of scientific opinion is 
against him ; but for one I do not believe his battle is lost. In 
view of the law of Dulong and Petit, which establishes a rela- 
tion between the atomic weight and specific heat of bodies, it 
seems to be pretty certain that hydrogen cannot be the ele- 
mentary " urstoff " out of which all other elements are made by 
building up, as he at first seemed disposed to maintain ; this 
element stands apparently on no different footing from the 

rest. But I see no reason why the elements, as we know them, 
2 
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may not constitute one class of bodies by thennselves, all built 
up out of some as yet more elemental substance or substances* 
The ** periodic law'* of Mendeljeff suggests such a relation. 
And our received theories so stumble, hesitate, and falter in 
their account of many of the simplest phenomena of the solar 
and stellar atmospheres, that a strong presumption still re- 
mains in favor of the new hypothesis. I am not prepared to 
accept it yet; but certainly not to reject it. 

The Chromosphere. 

The study of the chromosphere and prominences has been 
kept up, very systematically and statistical!)'*, by Tacchini in 
Italy, and with less continuity, but still assiduously, by several 
other observers. I do not know, however, that any new re- 
sults of much importance have been arrived at. The list of 
bright lines visible in their spectra has been a good deal en- 
larged : and Trouvelot thinks he has observed dark promi- 
nences — objective forms that show, black but active, upon the 
background of bright scarlet hydrogen in the surrounding 
chromospheric clouds. It may be that he is right ; but so far 
as I can learn, no other observer of the solar atmosphere has 
seen anything similar. I certainly have not myself And I 
think some of his published observations of velocities of two 
or three thousand miles a second in the motions of the prom- 
inences, as evidenced by the displacement of lines in the 
spectrum, are still more questionable. 

In two or three cases, prominences have been observed since 
1876 considerably higher than any known previously. In Oc- 
tober, 1878, I myself observed one which attained an elevation 
of nearly 400,000 miles (i3/^')- 

Eclipses and the Corona. 

The sun's corona has been perhaps more earnestly studied 
than anything else about the central luminary, especially dur- 
ing the four elipses which have occurred since 1876. At the 
eclipse of 1878, in the midst of an epoch of sun-spot quiescence, 
the corona was found less brilliant than ordinary, and especially 
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deficient in the unknown gas that produces the so-called 1474 
line — the line which characterizes the spectrum of the corona, 
and first demonstrated conclusively its solar origin in 1869. 
But while the corona at this time was less brilliant than it had 
been formerly, it was far more extensive. At least it seemed 
so ; for at Pike's Peak and Creston, Langley and Newcomb 
were able to follow its streamers to a distance of 6° from the 
sun. It is possible, however, that this extension was only due 
to the superior transparency of the mountain air. 

The Egyptian eclipse of 1882 gave us some interesting re- 
sults respecting the spectrum of the prominences and the cor- 
ona. It appfears that the light of the corona is especially rich 
in the ultra-violet, and in the photographs of the spectrum a 
number of bands are found which have been interpreted, with 
questionable correctness, I think, as indicating the presence of 
carbon. The eclipse of 1883 was observed in the Pacific Ocean 
by French and American parties, but, I think, added very little 
real, information. Professor Hastings made an observation 
which he believed to establish a peculiar theory proposed by 
himself, viz., that the corona is merely a diffraction effect pro- 
duced by the moon's limb, and depending on the non-con- 
tinuity of phase in long stretches of light vibrations. With a 
peculiar apparatus prepared expressly for the purpose, he found 
that at any moment the 1474 line was visible to a much greater 
distance from the sun, on the side least deeply covered by the 
moon, than on the other : as unquestionably would happen if 
his theory were correct. But the same thing would result from 
the mere diffusion of light by the air ; and, notwithstanding 
his protests, the French observers who were at the same place, 
and nearly all others who have discussed the observations, 
think that this was the true explanation of what he saw. So 
far as I know, the discussion of the subject which has resulted 
from his publication has only strengthened the older view — 
that the corona is a true solar appendage ; an intensely lumin- 
ous but excessively attenuated cloud of mingled gas and fog 
and dust surrounding the sun, formed and shaped by solar 
forces. 
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The diffraction theory has one advantage — that it relieves 
us from stretching our conceptions as to the possible attenua- 
tion of matter to the extent necessary in order to account for 
the fact that a comet, itself mostly a mere airy nothing, expe- 
riences no perceptible retardation in passing through the cor- 
onal regions. There can be no question that this has happened 
several times: the last instance having been the great comet 
of 1882. But on careful consideration it will be found, I think, 
that our conceptions will bear the stretching without involving 
the least absurdity ; a single molecule to the cubic foot would 
answer every necessary condition of the luminous phenomenon 
observed. And all the rifts and streamers, and all the radiat- 
ing structure and curved details of form, cry out against the 
diffraction hypothesis. The observations of the eclipse of 1885 
(observed only by a few amateurs in New Zealand) have not 
proved important. 

At present the most interesting debate upon the subject 
centres around the attempt of Mr. Huggins (first in 1883) to 
obtain photographs of the corona in full sunlight. He suc- 
ceeded in getting a number of plates showing around the sun 
certain faint and elusive halo forms which certainly look very 
coronal. Plans were made and have been carried out, for using 
a similar apparatus on the Riffelberg, in Switzerland, and at 
the Cape of Good Hope. But so far nothing has been obtained 
much in advance of Mr. Huggins' own first results. Since Sep- 
tember, 1883, until very recently, the air has been full, as every 
one knows, of a fine haze, probably dust and vapor from 
Krakatoa, which has greatly interfered with all such opera- 
tions. It is now fast clearing away, and I for one am some- 
what sanguine that a much greater success will be reached 
next winter at the Cape, and perhaps evenjin England during 
the coming summer. 

Just about the same time that Hoggins was photographing 
in England, Professor Wright was experimeating in New Ha- 
ven in a different way : isolating the blue and ultra-violet rays 
by the use of colored media, stopping out *the [sun's disc and 
receiving the image of the coronal regions on a fluoreecent 
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screen. He also had obtained what he believed, and still be- 
lieves, to be a real image of the corona, when the aerial haze 
intervened to put an end to all such operations ; for of course 
it is evident that whether one operates by this method or by- 
photography, success is possible only under conditions of un- 
usual atmospheric transparency and purity. 

I suppose at present the predominant feeling among astron- 
omers is that the case is hopeless, and that Huggins and Wright 
are mistaken. It may be so. But my own impression is that 
they are probably correct ; although, of course, the matter is 

still in doubt. 

Inferior Planets. , 

Leaving now the sun, and passing to the planetary system, 
we come first to the subject of intra-Mercurial planets. 

The general opinion among astronomers (in which I fully 
concur) is that the question has been now fairly decided in the 
negative, /. /?., it is practically certain that within the orbit of 
Mercury there is no planet of a diameter as large as five hun- 
dred miles, probably not one hundred. If such a one existed, 
it could not have failed to be discovered by the wide-angled 
photographs taken at the eclipses of 1882 and 1883, to say 
nothing of the visual observations. Of course, it is well known 
that at the eclipse of 1878 Professor Watson supposed he had 
discovered two such bodies, and his extensive experience and 
his high authority, led, for a time, to a pretty general accept- 
ance of his conclusion. I notice that Dr. Ball, even very lately, 
in his " Study of the Heavens," is still disposed to credit the 
discovery. But Dr. Peters, by a masterly discussion of the cir- 
cumstances of the observations themselves, and a comparison 
with the star maps, has shown that it is almost certain that 
Watson really saw only the two stars Theta and Zeta Cancri. 
In the same paper also, Peters examined all the observations 
of small, dark spots crossing the sun's disc which, up to that 
date (1879), had been made by Leverrier and others the ground 
for their belief in ** Vulcan ;" and he shows that they really 
afford no sufficient ground for the conclusion. As to Mr. Swift's 
supposed observation of two objects with large discs ** both 
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It 
pointing to the sun," they certainly were not the two seen by 

Watson, while they were in the region covered by Watson and 
several other observers. What the precise nature of the mis- 
take or illusion may have been it is perhaps not now possible 
to discover, but I think no one, unless perhaps Mr. Swift him- 
self, now considers the observation important. 

While, however, the question of a " Vulcan '* is now pretty 
definitely settled, it is not at all impossible, or even improba- 
ble, that there may be intra-Mercurial asteroids, and that some 
of them may be picked up as little stars of the sixth magni- 
tude or smaller, by the photographers at the eclipse of next 
August, or in 1887. The sensitiveness of our present photo- 
graphic plate is now many times greater than it was even in 
1882. 

As to the planet Mercury, there is very little to report. It 
"•^ transited " the sun in May, 1878, and again in November, 
i88i, and during the transits numerous measures were made 
of its diameter, giving results substantially in accord with the 
older values. I have already alluded, in connection with the 
•earth's rotation, to Newcomb's investigation of former transits 
of this planet as establishing the sensible uniformity of the 
-earth's rotation. 

The planet Venus, by her transit in 1882, has attracted much 
attention, and much interest is felt as to the final outcome of 
the whole enormous mass of data, photographic and visual. 
Just how long we shall have to wait for the publication, seems 
still uncertain. I have already said, however, that probably 
these transits will never again be considered as important as 
hitherto. 

The most important physical observations upon the planet 
during the decade seem to be those of Langley, who, during 
the transit of 1882, observed a peculiar, and so far unexplained, 
illumination of one point on the edge of the planet's disc, and 
those of Trouvelot and Denning, who have observed and fig- 
ured certain surface markings of the planet. I think I may 
fairly mention also our Princeton observation of the spectrum 
of the planet's atmosphere during the transit, and our confir- 
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tnation of Gruithuisen's old observation of a white cap (likely 
•enough an ice-cap), at the edge of the planet's disc — probably- 
marking the planet's pole, and showing that the planet's equa- 
tor has no such anomalous inclination of 50° or 60°, as stated 
•in some of the current text-bookg. . This cap has also been ob- 
served by Trouvelot and Denning. But this lovely planet is 
most refractory and unsatisfactory as a telescopic object, ap- 
:parently enveloped in dense clouds which mostly hide the real 
tsurface of the globe, and mock us with a meaningless glare. 

We mention in passing, but without indorsement, the specu- 
lations of Houzeau, who has attempted to account for some of 
the older observations of a satellite to Venus, by supposing 
-another smaller sister planet, " Neith," circling around the 
sun in an orbit a little larger than that of Venus, and from time 
to time coming into conjunction with it. But the theory is 
-certainly untenable ; a planet large enough to show phases, as 
the hypothetical satellite is said to have done, in the feeble tele- 
scopes with which many of the observations were made one 
hundred years ago or more, would be easily visible to the 
naked eye even. There can be little doubt that all the Venus 
satellites so far observed are simply ghosts due to reflections 
between the lenses of the telescope, or between the cornea of 
the eye and all eye lens. 

Mars, 

But while Venus has gained no moons during the past ten 
years, Mars has acquired two, and they are both native Ameri- 
cans. There is no need to recount the faithful work of Profes- 
sor Hall with the then new great telescope at Washington and 
its brilliant result ; brilliant in a scientific sense, that is, for 
regarded as luminaries, it must be admitted that the Martial 
satellites, in spite of their formidable names of Phobos and 
Deimos, do not amount to much. Under the best of circum- 
stances, they are too faint to be seen by any but keen eyes at 
the end of great telescopes. Small as they are, however, the 
little creatures punctually pursue the orbits which Hall has 
^computed for them, and, when the planet came to its opposi- 
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tion a few weeks ago, they were found just in their predicted 
places. They are interesting, too, from the h'ght they throw 
upon the genesis and evolution of the planetary system, almost 
compelling the belief that they have come gradually into their 
present relation to the planet. The inner one, Phobos, revolves 
around the primary in yh sgm, which is less than one-third of 
the planet's day. The theory of " tidal evolution," proposed 
by Profe<^sor G. H. Darwin in 1878-80, as the result of his in- 
vestigations upon the necessary mechanical consequence of the 
tidal reactions between the earth, sun and moon will account 
for Phobos, and I know nothing else that will, though, of 
course, it would be rash to assert that no other account can 
ever be given. 

Much attention has also been paid to the study of the plan- 
et's surface. In 1876 we were already in possession of three 
elaborate maps, by Proctor, Kaiser and Terby, agreeing in the 
main as to all the characteristic formations. In 1877, Schiaparelli, 
of Milan, detected, or thought he did, on the planet's surface a 
numerous system of **canals" — long, straight channels, some of 
them more than a thousand miles in length, with a pretty 
uniform width of fifty or sixty miles ; and from his observa- 
tions he constructed a new map, differing from the older ones 
somewhat seriously, though still accordant in the most essen- 
tial features. His nomenclature of the seas and continents de- 
rived from ancient geography is certainly a great improvement 
on that of his predecessors, who had affixed to them the names 
of their friends and acquaintances among living astronomers. 
There has been some skepticism as to the reality of these 
"canals"; but in 1879 ^"^ 1881 they were all recovered by 
Schiaparelli, and several other observers, notably Burton, also 
made them out. Moreover, Terby finds from drawings in his 
possession that they had before been seen, though not under- 
stood or clearly recognized, by Dawes, Secchi, and other ob- 
servers. At present, the balance of evidence is certainly in 
their favor, especially as the observers at Nice report seeing 
them last spring. I do not think the same can be said in re- 
spect to another observation of Schiaparelli's on the same ob- 
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ject made in 1881. He then found nearly all of these canals — 
more than twenty of them — to be double^ t. e,, in place of a 
single canal there were two — parallel and two or three hundred 
miles apart. No one else so far has confirmed this " gemina- 
tion" of the canals ; but the planet does not come to a really 
favorable opposition again until 1890 and 1892, when probably 
the question can be settled. 

The time of rotation has during the past year been deter- 
mined with great accuracy by Bakhuyzen, who has corrected 
some errors of Kaiser and Proctor, and finds \\.2^h iJtn 22.66s. 
In 1876, there still remained some question as to the amount 
by which the planet is flattened at the poles. The majority of 
observers had found a difference between equatorial and polar 
diameters amounting to between xia and ia, while, on the other 
hand, a few of the best observers had found it insensible. The 
writer in 1879 wiade a very careful determination, and found it 
tIt, a quantity closely agreeing with the theoretical value de- 
duced by Adams as probable from the motion of the newly- 
discovered satellites. 

The Asteroids. 

« 

On May ist, 1876, the number of known asteroids was 163. 
To-day it stands at 258, 95 of these little bodies having been 
discovered within the decade, 45 of them by one man, Palisa,. 
of Vienna, while our own Peters is responsible for 20. 

None of the new ones are especially remcirkable, /. ^., some 
of the older ones are always more so ; the most inclined and 
most eccentric orbits, the longest and the shortest periods, 
none of them belonging to any of the late discoveries. One 
point is noteworthy, that the more recently discovered bodies- 
are much smaller than the earlier ones. The first 25, discov- 
ered between May, 1876, and October, 1878, have an average 
opposition magnitude of 11.2, while the last 25, discovered 
since April, 1883, average only 12.2; /. e.y the first 25 average 
about 2% times as bright as the last. Out of the whole 95,. 
two are of the 9th magnitude (one of them. No. 234, was dis- 
covered as recently as August, 1883,) 14 are of the loth, 33 of 
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the nth, 33 of the 12th, and 13 of the 13th. Of these last 13, 
10 have been found within the past two years ; and of the 12 
others found within the same time, 6 are of the nth magni- 
tude, and 6 of the 12th. 

It is clear that there can remain very few to be discovered 
as large as the loth magnitude ; but there may be an indefinite 
number of the smaller sizes. 

The Major Planets, 

As regards the planet Jupiter, the one interesting feature for 
the past ten years has been ** the great red spot." This is an 
oval spot, some 30,000 miles in length by 6,000 or 7,000 in 
width, which first attracted attention in 1878. At first, and for 
three years, it was very conspicuous, but in 1882 it became 
rather faint, though still remaining otherwise pretty much un- 
changed. In 1885 it was partly covered with a central whitish 
■cloud, which threatened to obscure in entirely ; but this season 
the veiling cloud has diminished, and the marking is again as 
plain as it was in 1882 or 1883. How long it will continue no 
-one can say ; nor is there any general and authoritative agree- 
tnent among astronomers as to its nature and cause. 

In connection with observations upon this object, several 
new determinations have been made of the planet's rotation 
period, and they all show that, as in the case of the sun, the 
-equatorial markings complete the circuit more rapidly than 
those in higher latitudes ; a white spot near the equator gives 
^h 50;« .06^, as against 9// 55^ 36^, for the red spot, which is 
approximately in latitude 30°. 

We must not omit to mention Professor Pickering's new 
photometric method of observing the eclipses of this planet's 
satellites. Instead of contenting himself with observing merely 
the moments of their disappearance and reappearance — an 
observation not susceptible of much accuracy — he makes a 
series of rapid comparisons between the brightness of the wan- 
ing or waxing point of light during the two or three minutes 
of its change, using as the standard one of the neighboring un- 
eclipsed satellites. From these comparisons he determines 
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the moment when the satellite under eclipse has just half its 
normal brightness ; and this with a probable error hardly ex- 
ceeding a single second, while the old-fashioned method gave 
results doubtful by not less than a quarter of a minute- Cornu 
and Obrecht have independently introduced the same method 
at Paris. When we have a complete twelve years' series of 
such observations, they will give an exceedingly precise deter- 
mination of the time required by light to traverse the earth's 
orbit, and so, indirectly, of the solar parallax. 

As regards Saturn, there is nothing to report so startling as 
Jupiter's red spot. A white spot, which appeared in 1877, en- 
abled Hall to make a new determination of the rotation period 
which came out \oh \^in 14^. This is in substantial accord 
with an earlier determination of W. Herschel's (10// i6w 07^), 
but involves a serious correction of the value \oh 2gm lys 
given in most of the text-books. The error probably came 
from a servile copying of a slip of pen made by some book 
compiler, fifty years ago or more, in accidently writing Her- 
schel's value of the rotation of the inner ring, instead of that of 
the planet. 

Much time has been spent in observations of the rings, and 
Trouvelot has reported a number of remarkable phenomena, 
most of which, however, he alone has seen as yet. The most 
recent micrometric measures have failed to confirm Struve's 
suspicion that the rings are contracting on the planet. Exten- 
sive series of observations have been made upon the satellites 
by H. Struve, Meyer, and others in Europe, and by Hall in this 
•country. Hall's observations are especially valuable, and the 
series is now so nearly completed that we may soon hope to 
Jiave most accurate tables. In the case of Hyperion, there is 
found a singular instance of a retrograde motion of the line 
of apsides of the orbit, produced by the action of an ojitside 
body, the effect being due to the near commensurability of the 
periods of Hyperion and Titan. This most peculiar and para- 
doxical disturbance first showed itself as an observed fact in 
HalFs observations ; and, soon after, Newcomb gave the ma- 
thematical explanation and development. He finds the mass 
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of Titan to be about ttW that of Saturn. It may be noted^ 
too, that Hairs observations of the motions of Mimas and En- 
celadus indicate for the rings a mass less than tV that deduced 
by Bessel ; instead of being i Jtj as large as the planet, they 
cannot be more than tttW, and are probably less than inhjs. 

The satellites of Uranus have also been assiduously observed 
at Washington, so that at present the Uranian system is 
probably as accurately determined as the Jovian, perhaps more 
so. The form of the planet has been shown to be decidedly 
elliptical (about 1-14) by observations of Schiaparelli and at 
Princeton ; and the same observers have detected faint belts 
upon the disc, which have also been seen at Nice, and by the 
Henrys in Paris. Many of the observations appear to indicate 
a very paradoxical fact — that the belts, and consequently the 
planet's equator, are inclined to the orbits of the satellites at a 
considerable angle. The mathematical investigations of 
Tisserand appear to demonstrate that, in the case of a planet 
perceptibly flattened at the poles, satellites near enough to be 
free from much solar disturbance must revolve nearly in the 
same plane of the equator ; while those more remote, and dis- 
turbed more by the sun than by the protuberant equator of the 
planet, must revolve nearly in the plane of the planet's orbits 
Thus the two satellites of Mars, the four satellites of Jupiter^ 
and the seven inner satellites of Saturn, all move nearly in the 
equatorial plane, while our moon and Japetus move in ecliptical 
orbits. It is very difficult to believe that the satellites of Ura- 
nus, which are certainly not ecliptical and are very near the 
planet, do not move equatorially. And yet it is unquestionable 
that most of the observations with sufficently powerful tele- 
scopes (my own among them) do seem to indicate pretty de- 
cidedly that the planet's equator is inclined as much as 15° or 
20° to the orbit plane of the satellites. 

As to Neptune, there is nothing new. One or two old ob- 
servations of the planet have turned up in the revision of old 
star catalogues, and Hall, of Washington, has made a careful 
and accurate determination of the orbit of its one satellite, and 
of the planet's mass; while Maxwell Hall, of Jamaica, has de- 
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duced a very doubtful value of the planet's rotation from cer- 
tain photometric observations of its brightness. 

There has been some hope that a planet beyond Neptune 
might be found. Guided by certain slight indications of sys- 
tematic disturbances in the motion of Neptune, Todd made an 
extended search for it in iSjJ-^, using the Washington tele- 
scope, and hoping to detect it by its disc, but without results. 
If such a planet exists, it is likely to appear as a star between 
the nth or 13th magnitude, and may be picked up any time 
by the asteroid-hunters. But its slow motion and the fact that 
our present charts give but few stars below the ii>^ magni- 
tude, will render the recognition difficult. 

The indications I have spoken of, and certain others first 
noted in 1880 by Prof. G. Forbes, and depending upon the be- 
havior of certain periodic comets, furnish pretty strong reasons 
for believing in its existence, though as yet they fall far short 
of making it certain. 

Comets. 

During the past ten years we have been favored with an extra- 
ordinary number of comets, and while perhaps no single great 
step has been made, yet it is certain, I think, that our knowl- 
edge of these myterious objects has gained a real and consid- 
erable advance. 

In 1876, curiously enough, not a single comet appeared ; but 
in 1877 there were 6; in i878,.3; in 1879, 5J i" 1880, 5; in 1881, 
8; in 1882, 3; in 1883, 2; in 1884, 3; and in 1885, 6; and so far 
this year, 3. Forty-four comets in all have been observed 
during the ten years, six of which were conspicuous objects to 
the naked eye, and two of them, the great comet of 1881, and 
the still greater one of 1882, were very remarkable ones. 

The first of these will always be memorable as the first comet 
ever photographed. Dr. Henry Draper photographed both the 
comet itself and its spectrum ; Janssen obtained a picture of 
the comet, and Huggins of its spectrum. 

A number of excellent photographs were obtained of the 
great comet of 1882, especially by Gill, at the Cape. And it is 
worth mentioning that in May, 1882, a little comet (not in- 
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eluded in the preceding list, because no observations were ob- 
tained of it) was caught upon the photographs of the Egyptian 
eclipse. 

Two of the bright comets, Wells' comet of 1 88 1 and the great 
comet of 1882, approached very close to the sun, and their 
spectra, as a consequence, became very complex and interest- 
ing. A great number of bright lines made their appearance. 
Sodium was readily and certainly recognized ; iron and calcium 
probably, but not so surely. The evidence as to the nature of 
the sun's corona, derived from the swift passage of the 1881 
comet through the coronal regions, has already been alluded 
to. 

The Pons-Brooks comet of 1883-4 is extremely interesting 
presenting the first instance (excepting Halley's comet, of 
course) of one of the Neptunian family of comets returning tO' 
perihelion. There are six of these bodies with periods rang- 
ing from sixty-eight to seventy years. Halley's comet, the 
only large one of the group, has made many returns, and is 
due in 1910. Pons' comet, first observed in 1812, has now re- 
turned ; Olbers' comet of ^1815 is due in 1889, and the three 
others, all of them small, in i9i9-'20 and '22. 

I have spoken of them as Neptunian comets, i. c, their pres- 
ence in our system is known to be due in some way to this 
planet. The now generally received theory is that they have 
had their orbits' changed from* parabolas into their present 
state by the disturbing action of Neptune. Mr. Proctor has 
pointed out certain unquestionable, though, I think, inconclu- 
sive, objections to this view, and he proposes, as an alternative, 
the startling and apparently improbable hypothesis, that they 
have been ejected from the planet at some past time by some- 
thing like volcanic action. 

On the whole, however, the most important work relating to 
comets has been that of the Russian astronomer, Bredichin. 
He has brought the mechanical and mathematical portion of 
the theory of comets' tails to a high degree of perfection ; fol- 
lowing out the lines laid down by Bessel, but improving and 
correcting Bessel's formulae, and determining their constants 
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by a most thorough discussion of all the accurate observations 
available. 

It is hardly possible to doubt any longer that all the facts 
can be represented on the hypothesis that the tails are com- 
posed of minute particles of matter, first driven off by the com- 
et and then repelled by the sun. Bredichin's most interesting 
result, arrived at in 1878, is that the tails appear to be of three, 
and only three, distinct types — the long straight streamers 
which are due to a repuisive acceleration about twelve times 
as great as the sun's attraction ; the second and most ordinary 
class of broad-curved tails for which the repulsive force ranges 
between one and two and a half times that of attraction ; and 
finally, the short, stubby brushes which are found in a few 
cases, and correspond to a repulsive force not more than one- 
fourth the sun's attraction. Supposing as he does, that the 
real repulision is the same for each atom, the apparent repul- 
sion, or repulsive acceleration, would be greater for the lighter 
atoms and nearly inversely proportional to their molecular 
weights ; and so he concludes that probably tails of the first 
type are composed of hydrogen, those of the second type of 
hydro-carbons, like coal gas, and those of the third, of iron and 
its kindred metals. As to the second type, the spectroscope 
speaks distinctly in confirmation. Tails of the first and third 
types are not common, and are usually faint, and since Bredi- 
chin's result was announced, there has been no opportunity for 
spectroscopic verification in their case. 

I said his investigations had given a mathematical and me- 
chanical explanation of comets' tails ; but the physical ques- 
tion as to the nature of the force which causes the observed 
repulsion, remains unsettled, though I think there is no doubt 
that general opinion is crystallizing into a settled belief that it 
is electrical ; that the sun is not at the same electric potential 
as surrounding space, and that, in consequence, semi-conduct- 
ing masses of pulverulent matter, such as comets seem to be^ 
are subject to powerful electric forces as they approach and 
recede from the central body. At the same time there are 
those — Mr. Ranyard, for instance — who forcibly urge that the 
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direct action of the solar heat might produce a similar repul- 
sive efifect by causing rapid evaporation from the front surface 
of minute particles, charged with gases and wdiTpov^^ frozen by 
the cold of outer space. 

I ought not to dismiss the subject of comets without at least 
alluding to the numerous unprecedented and interesting phe- 
nomena presented by the great comet of 1882 : First, its un- 
questiojiable relation to, but distinctness from, its predecessors 
of 1880, 1843, and 1668, the three belonging to one brother- 
hood, of common origin, and all following nearly the same 
path around the sun. I call special attention to this point be- 
cause Miss Gierke, in her new and admirable " History of As- 
tronomy in the Ninteenth Century" (which I hope every one 
interested in astronomy will read as soon as may be) has, I 
think, made a mistake regarding it, assigning to the difference 
between the computed periods of these comets much too great 
an importance. 

The strange elongation of the nucleus of this comet into a 
string of luminous pearls ; the faint, straight-edged beam of 
light that enveloped and accompanied the comet for some 
time ; and the several detached wisps of attendant nebulosity 
that were seen by several observers, are all important and novel 
items of commetary history. 

Meteors, 

Time will not allow any full discussion of the progress of me- 
teoric astronomy. It must suffice to say that the whole course 
of things has been to give increased certainty to our newly ac- 
quired knowledge of the connection between meteor-«warms 
and comets, and to make it more than probable that a mete- 
oric-swarm is the result of the disintegration and breaking up 
of a comet. This seems to be the special lesson of the Bielids, 
the reappearance of which as a brilliant star shower last No- 
vember attracted so much attention. In an important paper 
read before the National Academy of Sciences, last April, Pro- 
fessor Newton pointed out how all the facts connected with 
the division into two of Biela*s comet forty years ago, its sub- 
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sequent movements and disappearance, and the meteoric 
showers of 1872, and 1885, and especially the peculiar features 
of this last shower, all conspire to enforce this doctrine. 

I mention, doubtfully, in this same connection the recent 
supposed discovery by Denning of what are generally alluded 
to as "long radiants:" systems of meteors, /. ^., which for 
weeks, and even months together, seem nightly to emanate 
from the same point in the sky. One of these radiants, for in- 
stance, the first of half a dozen described by Mr. Denning, is 
about Ij4° north of ^ Trianguli, and the shower appears to last 
from July to November, at the rate of perhaps one or two an 
hour. 

If the fact is real^ it follows inevitably that, disseminated 
through all the space in which the earth is moving, and has 
been moving for several years — not less than 1,000,000,000 
miles — there are countless meteoroids moving in parallel lines, 
and with a velocity so great that the earth's orbital motion of 
nineteen miles a second is absolutely insignificant as compared 
with theirs. Their speed must be many hundreds of miles per 
second. This may be true, but I own I am not ready to accept 
it yet. The observations indicate directly no extraordinary 
swiftness. Mr. Proctor, whose mind appears at present to be 
chiefly occupied by the idea that suns and planets are con- 
tinually bombarding their neighbors (or at least do so at some 
stage of their existence), ascribes such meteors to the projec- 
tile energies of some of the " great " stars. But there is not 
time to discuss his notion, and it is hardly necessary until it 
has begun to receive somewhat more extensive acceptance. I 
am not aware that so far he has any converts to his theory of 
comets and meteors. 

Stars, 

Want of time will also prevent any adequate treatment of 
the recent progress of Stellar astronomy. 

Two great works in the determination of star places must, 
however, be mentioned. One is the nearly completed cata- 
logue of all the northern stars, down to the ninth magnitude, 
begun almost twenty years ago, under the auspices of the As- 
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tronomische Gesellschaft, by the co-operation of some fifteen 
different observatories. The observations are now nearly fin- 
ished, and several of the observatories have already reduced 
and published their work. A very few years more ought to 
bring the undertaking to a successful end. 

Another similar work, almost, though not quite, as exten- 
sive, is the great catalogue of southern stars, made at the ob- 
servatory of Cordova by our own Dr. Gould and his assistants. 
He himself, with his own eyes, observed every star of the whole 
number — nearly 80,000 — his assistants reading the circle and 
making the records : and the whole has been reduced, printed, 
and published within the space of twelve years — a veritable 
labor of Hercules, for which, most justly, our National Acad- 
emy has awarded him the Watson medal. He had already, 
some years ago, received the gold medal of the English Royal 
Astronomical Society, for the Uranometria Argentina^ an enu- 
meration of all the naked-eye stars of the southern hemis- 
phere, with their approximate positions and estimated magni- 
tudes. This, however, was only a sort of preliminary by-play, 
to pass the time while waiting for the completion of his obser- 
vatory and meridian circle. 

We must mention also the remarkable star-charts made by 
Dr. Peters, of Hamilton College, of which he has already pub- 
lished and distributed at his own expense about twenty, and 
more are soon to follow. 

But the old-fashioned way of cataloguing and charting the 
stars is obviously inadequate to the present needs of astronomy, 
and a new era has begun. While, hereafter, as hitherto, the 
principal stars, several hundred of them, will be observed even 
more assiduously and carefully than ever before, with the me- 
ridian circle or similar instruments, the photographic plate will 
supersede the eye for all the rest. It is now easily possible to 
photograph stars down to the thirteenth or fourteenth magni- 
tude, and to cover a space of 2j^° square on a single plate. 
The remarkable thirteen and one-half inch instrument con- 
structed by the Henry Brothers, for the Paris observatory, and 
first brought into use last August, does this perfectly. Instru- 
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ments very sirfiilar, but smaller, lately set up at Harvard Col- 
lege, at the Cape of Good Hope, and at Liverpool, while they 
-do not reach so faint stars, cover more ground at a time. 

Negotiations are already under way to secure the co-opera- 
tion of a number of observatories for a photographic survey of 
the heavens ; and it is probable that, after some preliminary 
consultation and before very long, it will be actually in pro- 
gress. According to Struve's estimates, it could be accom- 
plished in about ten or twelve years, even on the Paris scale, 
by the combined efforts of fourteen or fifteen establishments. 
Orders have already been given to the Henry Brothers, by Dom 
Pedro, of Brazil, and Mr. Common, of England, for instruments 
precisely like the ope at Paris. Americans, and New Yorkers 
especially, may well take a peculiar interest in astronomical 
photography, since it was at Cambridge, in 1861, that the first 
star-photographs were ever made, and here in New York, 
Rutherfurd and Draper were among the earliest and most suc- 
cessful workers ; in the observatory above us is now mounted 
the very instrument with which Rutherfurd made his unrivalled 
pictures of the moon and his plates of the Pleiades, more than 
twenty years ago. 

During the past ten years, stellar photometry has become 
almost a new science. Its foundations, indeed, were laid by J. 
Herschel, Seidel, Wolff, and Zollner, before 1870, and the mag- 
nitudes of some two hundrtsd stars had been measured, and the 
law of atmospheric absorption determined. But the great work 
of Pickering, at Harvard, in the invention and perfecting of 
new instruments, and his Harvard photometry, which gives us 
a careful measurement of the brightness of all the naked-eye 
stars of the northern hemisphere, marks an epoch. And he is 
pushing on, and has already well under way the measurement 
of the 300,000 stars of Argelander's Durchmusterung. Nor 
must we omit to mention Pritchard, of England, whose name 
has just been joined with Pickering's by the Royal Astronom- 
ical Society, in the bestowal of their gold medal for his wedge- 
photometer and the photometric work done with it. The Har- 
vard photometry, and the Uranometria Oxoniensis together 
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will carry down to all time the record of the present bright- 
ness of the stars. They will be especially valuable as data for 
determining changes in stellar brilliancy. 

During the past ten years the number of variable stars has 
risen from about lOO to nearly 150; and our knowledge of their 
periods and light-curves has been greatly improved. In Amer- 
ica, Chandler and Sawyer, of Boston, and Parkhurst, of this 
city, have done especially faithful work. During the ten years 
we have had two remarkable " temporary stars,** as they are 
called — first the one which, in .November, 1876, in the constel- 
lation of Cygnus, blazed up from the ninth magnitude to the 
second and then slowly faded back to its former brightness^ 
but to a nebulous condition, as shown by its spectrum. Then 
also the one which, last autumn, appeared in the heart of the 
nebula of Andromeda as of the sixth magnitude (where no star 
had ever been seen before), slowly dwindled away, and is now 
beyond the reach of any existing telescope. Perhaps, too, we 
ought to mention another little ninth magnitude star in Orion's 
club, which last December rose to the sixth magnitude, and is 
now fading ; it seems likely, however, from its spectrum, that 
this is only a new variable of long period. 

As to star-spectra, a good deal of work has been done in 
their investigation with the ordinary stellar spectroscopes by^ 
the Greenwich Observatories, by Vogel at Potsdam, and by a 
number of other observers, — work Well deserving extended 
notice if time permitted. But the application of photography^ 
to their study, first by Henry Draper in this city, and by Hug- 
gins in England, is the important new step. By the liberality 
of Mrs. Draper, and as a memorial of her husband, his work is 
to be carried on with the new photographic instrument and 
method just introduced by Prof. Pickering at Cambridge. He 
is able to obtain on a single plate the spectra of all the stars 
down to the eighth magnitude in the group of the Hyades, 
each spectrum showing under the microscope the characteristic 
lines quite sufficiently for classification. A different instru- 
ment is also to be built with the Draper fund, which will give 
single star-spectra on a much larger scale and in fuller detaiU 
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During the decade, the stellar parallax has been worked at 
by a number of observers. Old results have been confirmed 
-or corrected, and the number of stars whose parallax is deter- 
mined has been more than doubled. The work of Brunnow 
and Ball in Ireland, of Gill and Elkins at the Cape of Good 
Hope, and of Hall at Washington, deserves especial mention. 
A new heliometer of seven inches aperture has been ordered 
for the Cape observatory, and when it is received, a vigorous 
attack is planned by co-operation between that observatory 
-and that of Yale College, which possesses the only heliometer 
in America. 

During the ten years, our knowledge of double stars has 
been greatly extended ; several observers, and most eminent 
.among them Burnham, of Chicago, have spent much time as 
hunters of these objects, and have baggfid between one and 
two thousand of them. Several others, especially Dobereck in 
England, and Flammarion in France, have devoted attention 
to the calculation of the orbits of the binaries, so that we have 
410W probably about seventy-five fairly well defined. 

In the study of the nebulae, less has been done. Stephan at 
Marseilles and Swift at Rochester have discovered many new 
•ones, mostly faint, and Dreyer, of Dublin, has published a sup- 
plementary catalogue, which brings Sir J. Herschel's invaluable 
<:atalogue pretty well down to date. The studies of Holden 
upon the great Orion nebula and the so-called "trifid nebula" 
•deserve special mention, as securely establishing the fact that 
these objects are by no means changeless, even for so short a 
time as twenty or thirty years ; also the discovery of a new 
.nebula in the Pleiades by means of photography. 

Observatories, 

During the ten years, a considerable number of new obser- 
vatories have been founded. Abroad we mention as most im- 
portant the observatories for astronomical physics at Potsdam, 
in Prussia, and at Meudon, in France, also the Bischoffsheim 
observatory at Nice and its succursal in Algiers. The great 
observatory at Strasburg can hardly be said to have been 
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founded within the period indicated, but the new buildings 
and new instruments and new efficiency date since 1880. We 
ought not to pass unnoticed the smaller observatory at Natal^ 
in South Africa, and the private establishments of von Konkoly 
at O-Gyalla, of Gothard at Hereny (both in Hungary), and of 
the unpronounceable gentleman Jedrzejewicz at Plonsk, in Po- 
land, and the observatory at Mount ^tna, from which, how- 
ever, we have no results as yet. 

In the United States we have the public observatories at 
Madison, Wis., at Rochester, N. Y., and at the University of 
Virginia, and the, as yet, unfinished Lick Observatory in Cali- 
fornia ; also a host of minor observatories connected with in- 
stitutions of learning, and mainly designed for purposes of in- 
struction ; such establishments have been founded within ten 
years at Princeton, at Northfield, Minn., at South Hadley, Ms.,, 
at Beloit, at Marietta, at Depauw, at Nashville, and at St. Louis,, 
also at Franklin and Marshall College, and at Doane College, in 
Nebraska ; at Columbia College, Ann Arbor and Madison, Wis.^ 
and at one or two other institutions which escape me for the 
moment. Several others are also at this moment in process of 
erectfon. Every one of them has a telescope from six to thir- 
teen inches aperture, with accessory apparatus sufficient, in the 
hands of an astronomer, for useful scientific work. 

Instruments. 

A large number of new instruments of great power have 
been constructed. We mention the great thirty-inch refractor 
of Pulkowa, the twenty-six-inch of Charlottesville, and the 
twenty-three-inch at Princeton, for all which the lenses were 
made by our own Clark. We add the great Vienna twenty- 
seven-inch telescope by Grubb, and the twenty-nine-inch ob- 
ject glass by the Henrys, made for the Nice observatory but 
not yet mounted ; also the nineteen -inch telescope at Stras- 
burg by Merz. Grubb has also at present a twenty-eight-inch 
object glass under way for the Greenwich observatory, and 
Clark has nearly completed the monstrous thirty-six-inch lens 
for the Lick observatory. There never was a decade before 
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when such an advance in optical power has been made. 

Great reflectors have been scarce, the only ones of much im- 
portance constructed during the time being the twenty-inch 
instrument at Algiers, and Mr. Common's exquisite three-foot 
telescope, which he has lately sold to Mr. Crossly in order to 
make way for one of five feet diameter now, I believe, under 
construction. The old three-feet and six-feet instruments of 
Lord Rosse have been improved in various ways, and are still 
in use — especially in work upon lunar heat. Among newly in- 
vented instruments we mention the meridian photometer of 
Pickering, the wedge photometer of Pritchard, thfc almucantar 
of Chandler, the concave diffraction grating of Rowland, and 
the bolometer of Langley — all but one American. Repsold's 
improvements in the micrometer, in the heliometer, and in the 
mounting of equatorials should also be mentioned here. 

As to new astronomical methods, enough has been already 
said about photometry and astronomical photography. It is 

plain that we are entering upon a new era. 

* 

Literature, 

Astronomical literature has flourished. Among the books 
of the past ten years, important in oneway or another, I men- 
tion in the first rank the great work of Oppolzer upon orbit 
calculation, Gylden's ** Astronomy," and the papers of Tisser- 
and, Neison, Darwin, Adams, Hall and Newcomb, on numer- 
ous subjects. Among the popular books on general astronomy 
we have Newcomb's "Popular Astronomy,** Ball's "Story of the 
Heavens," Kaiser's " Sterrenhemel," Fayes' *' Origine de la 
Monde," and Miss Gierke's admirable ** History of Astronomy 
in the Nineteenth Century." More special popular treatises 
are Nasmyth's and Neison's books upon the moon, Lockyer's 
'* Solar Physics," and my own little book upon the sun, Led- 
ger,s " Sun, Moon and Planets," Gledhill's and Flammarion's 
books on double and binary stars, and Terby's "Areographie.'* 
Of course, it iis possible to mention only a few, and I name 
those which, in one way or another, have attracted for some 
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reason my special attention, leaving doubtless many others just 
as valuable unreferred to. 

A few new astronomical periodicals have sprung up. In 
England, The Observatory was founded in 1877, and has be- 
come an established and very valuable publication. 

Copernicus was a still more important and elevated journal, 
but did not appeal to so large a circle of readers, and, I am 
sorry to say died only three years old. 

In France, the -5/^//f//«^if/*-/4^/r^«^w/^, recently established, 
is extremely valuable, and I trust will be able to maintain it- 
self. Less importance attaches to Flammarion*s VAstronomie 
-which, however, I presume, has many more readers. Ciel et 
Terre is a new astronomical magazine published at Brussels. 

In the United States, we have but one distinctively astronom- 
ical journal, the Sidereal Messenger, published by the en- 
ergetic young director of the Carleton College Observatory in 
Minnesota. It is interesting and, in many ways, excellent, but 
in some respects not yet quite up to the standard of American 
astronomy. There is room and need among us for an astro- 
nomical journal of high mathematical character ; but its finan- 
cial success would be questionable. 

Necrology. 

The ten years have stricken from the roll of astronomers a 
few illustrious names, and many of honorable rank. Leverrier, 
the greate«5t of them all, died in 1877, and Secchi in 1878 ; La- 
mont and Maclear in 1879 5 Peters, the v^ttrntAxtoroitYi^As' 
tronomtscAe NacAricAtenyL.asselfT>cmhowskiy Pierce and Wat- 
son were taken in 1880. Bruhnsdied in 1881. In 1882 we lost 
Zoellner, Plantamour, Challis, and Henry Draper. Vilfarceau 
died in 1883^ Klinkerfues and Schmidt in 1884, and last year 
Webb, the author of that vade mecunt of all amateur astrono- 
mers, the " Celestial Objects for Common Telescopes." 

It would probably be invidious and unwise to attempt to 
designate precisely those of our younger astronomers who are 
to succeed to the eminence of those we have lost. It will be 
easier to prophesy after the fact. But one cannot go wrong 
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in saying that among the astronomical names which have either 
iirst appeared, or 'have first become conspicuous, during the 
past decade, we ought to mention, in our own country, Picker- 
ing, Holden, Langley, Stone, Burnham, Boss, Chandler, Pritch- 
ett, Todd, Paul, Payne, and Elkin. In Europe, we have Gill, 
Darwin, Common, Gledhill, Tisserand, Vogel, Palisa, Hassel- 
l>erg, H. and L. Struve, Hartwig, Valentine, and Von Konkoly. 
And there are many others, both here and abroad, hardly, if 
at all, their inferiors. 

In this rapid, though, I fear, tedious review, I have tried to 
put before you a just and fairly proportioned sketch of the pro- 
gress that has actually been made. While no great discovery 
like that of gravitation appears upon the record, yet I am in- 
clined to think that, with one or two exceptions (during the life 
of Galileo and Newton), no other decade in all the history of 
our unselfish science can make a better showing. 

As an American, too, I have been surprised and delighted to 
iind how honorable a place our American astronomers hold in 
the record. Take out of the ten years* story the works of Hall 
and Newcomb and Gould, of Draper, Langley and Pickering, 
of Burnham, and Holden, and Stone, and the loss would indeed 
be grievous. 

EDITORIAL NOTES. 

Our Happy New Year greeting to all readers, old and new ! 
Though much is in mind, we will be pardoned if we say 
little this time, in order that we may give as a whole, at once. 
Professor C. A. Young's excellent review of the progress of 
astronomy during the last ten years. 



This journal begins its sixth volume with more encourage- 
ment and a brighter hope for the future than ever before ; and 
still its management is pleased to ask all who think it has 
merit, to call the attention of their friends interested in astron- 
omy to it. Its size and value shall be enhanced as its list of 
subscribers is increased. 
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• 
An article of unusual interest, entitled The Motion of the 
Lunar Apsides^ by E. Colbert, of Chicago, is already in type 
for our our next issue. Some of its analytical features will.at- 
tract the attention of niathematical astronomers. 



President Holden, of the University of California and Direc- 
tor of the Lick Observatory, has recently visited Messrs. War- 
ner & Swasey, of Cleveland, Ohio, who have the contract to 
mount the great 36-inch refractor for the observatory and to 
build its mammoth dome. 



Comet of Finlay, — This comet seems to trouble the mathe- 
maticians more than it does the observers. In A. N., No. 2,754^ 
Professor Brunnow expresses the opinion that it is probably 
identical with that of de Vico, 1844,1, the orbit of which he 
himself computed at that time, making its period about 5.47 
years. If the two comets are identical, he thinks it probable 
that the above-named period was wrongly obtained in conse- 
quence of great changes going on in the form of the comet dur- 
ing the time of observation. With a period of 5.5 years there 
could be no planetary disturbance outside of the year 1885, and 
the present early perihelion passage would seem to make even 
that period impossible. If a period of 5.26 years were assumed 
the disturbance of Jupiter in 1873 would be taken into account,, 
but a less period than this would be necessary to account for 
its appearance in 1844, on the supposition of eight revolutions 
in the meantime. When Professor Brunnow communicated 
his views to A. N., Professor Boss had published neither of his 
two orbits of this comet which have since appeared. The in- 
clination and period of the first were respectively 2° 50' and 
4.32 years ; of the second, 3° i' and 6.5 years. Computation 
by ordinary methods, with ordinary data, where the inclination 
of the orbit is small, makes the period uncertain. Elements 
by Dr. Krueger in Observatory are nearly the same as those 
given last above. Rev. G. M. Searle has also computed an 
orbit on the supposition of a period of 5.278 years, the average 
of eight revolutions since 1844, without planetary disturbance. 
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and finds elements fairly in accord with others. Professor Boss 
thinks the period cannot be less than six years, and that prob- 
ably the comet has made seven revolutions instead of eight 
since 1844. It was in the constellation of Pisces, December 31 ^ 
and one degree south of the equator, moving northeast. Though 
slowly growing faint, it will be visible in the telescope possibly 
until February. 

List of Nebula from the McCorynick Observatory, — In our 
catalogue of nebulse, published in the Astronomical Journal^ 
No. 146, it was found, after our copy had gone to press, that 
No. 6 was identical with Swift's nebula No. 2, catalogue No, 
4. No. 146 was also found to be G. C. 998. Its right ascen- 
sion in the General Catalogue is probably 2m too small, that 
given in the note as brought up from C. H. being right. Swift 
No. 83, catalogue No. 4, appears to be identical with G. C, 
6040. 

University of Virginia, Nov. 30, 1886. ORMOND STONE. 



Tracing the Fixed Stars, — Professor Elias Colbert, of Chi- 
cago, former Supei'intendent of Dearborn Observatory, has 
done real service for teachers and students of elementary as- 
tronomy, in preparing a little book entitled ** The Fixed Stars; 
Maps for Out-Door Study," published by George Sherwood, 
of Chicago. This little book is an easy introduction to the 
study of the heavens, in showing only the most prominent stars 
in their relative positions, arranged in groups according to the 
common divisions of the sky called constellations. Its twelve 
full page maps give all the stars, down to the fifth magnitude,. 
and also a few stars belonging to the fifth magnitude. 

The stars of the several groups are connected by right lines 
so as to distinguish groups, and no attempt is made to repro- 
duce the ordinary figures of the star map. The stars given are 
properly designated by letters and symbols as they appear in 
standard star-charts. 

We do not know of a more condensed and convenient little 
hand-book of the stars than this for the student, teacher or prac- 
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tical observer, in much of the work that requires quick identifica- 
tion of prominent stars. Get a copy and trim it to the size of the 
pocket and carry it for naked-eye observations, as some astron- 
omers have been doing for years. 



Colberfs Matfumaticai TabUs. — ^Not long ago Messrs. 
George Sherwood & Co., of Chicago, published a little book 
of 32 pages, entitled "Mathematical Tables to Four Places and 
a Fraction,** by Professor E. Colbert. It contains trigonomet- 
rical formul:e, common logarithms to 1900, logarithms for 
sums and differences, degrees and time, logarithms for circu- 
lar functions, natural sines, tangents etc., circle and parabola, 
90" to iSo^, time in vcr>' eccentric orbits, interpolation by dif- 
ferences, construction of logarithms, and useful numbers with 
logarithms. The aim of this little book is to supply, in com- 
pact form, the means of working with four place logarithms, so 
that the fourth figure in the result may be generally depended 
on as accurate. One unusual feature is noticed. A symbol 
like the apostrophe following the last figure of a logarithm in 
the table means that the fifth figure in the result would be 
nearly five. If the symbol be inverted, ^e meaning is that 
the given tabular value is too great by nearly five in the fifth 
place. We ha\*e used these tables \inth special satisfaction. 

Qit^n^s SK Krirmf LeUrrs, — I. What will be the cost of the 
great Lick refractor when completed ? 

Ams, The cost of the object glass will be abcnit $50,000, 
the mounting, $5i,cocx 

2, What is the velocity of light according to Professor New- 
cocnVs recent in\^cstigations ? 

Ans, The \^locit>* of lii^ht in vacuo =599,860 ^ 50 kilome- 
ters, see Astronomical Papery Vol, i, I't. 5', which equals in 
miles, per second, 186,524 -t lo 

The following is a list of recent dcterminAtions of the \'elac- 
ity of light, by several prominent phx^icists : 

Michaelson, at Xaval Academy in 1870* ^00,010 k, m, 

Michaelson, at Cleveland, iSSi, ^9?^S55 k. m. 
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Newcomb, at Washington, 1882, 299,860 k. m. 

Newcomb, including all determinations, 299,810 k. m. 

Foucault, at Paris, in 1862, 298,000 k. m. 

Cornu, at Paris, in 1874, 298,500 k. m. 

Cornu, at Paris, in 1878, 300,400 k. m. 

Listing's discussion of last, 299,990, k. m. 

Young and Forbes, 1880-81, 301,382 k. m. 

Assuming the velocity of light to be 299860 k. m. and the 
earth's equatorial radius 6378.2 k. m. (Clark), Professor New- 
comb deduces the following values for the solar parallax for 
varying values of the constant of aberration represented by k : 

k. 
20.42" 

.44 
.46 
.48 
.50 

.52 

The solar parallax 
(20.492") is 8.794". 

The Occultation of a Tauri, — The following is an abstract of 
a communication to the California Academy of Sciences : 

The atmosphere was clear and moderately steady with light 
flecks of clouds that disappeared before immersion. The star 
showed signs of unsteadiness, but the moon's bright limb ap- 
peared reasonably sharp. The color of the star contrasted 
well with that of the moon. The moon was one day past the 
full but the star was visible to the unassisted eye to within four 
minutes of the time of immersion. As seen in the telescope it 
did not disappear when it touched the apparent border of the 
moon, but appeared to move upon the disc until it was fully 
one and one half times its minute disc on the moon, when it 
disappeared with the instantaniety of such phenomena. It 
grew somewhat difficult to see after it had entered upon the 
moon's disc, but its reddish hue left no doubt to the observers. 
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at the larger telescopes. It was certainly three seconds of 
time from the time of the star being at the border and the 
time of disappearance. In the small telescope G. F. D. lost 
the star when it touched the moon's limb. 

The following are the observed local sidereal times of the 
observations : 

Immersion at the bright limb of the moon, — 
Observers, G. D.=23A 22 w 50.73^. 
C. B. H.=23A 22in 50.70^. 

Emersion at the dark limb of the moon, — 

G. D. =ooA \%m 59.10^. 
C. B. H.=ooA \^m 59.27^. 

The moon being one day past the full there was a narrow, 
dark edge of the moon where the star reappeared,which it did 
with the suddenness and brightness indicating no gradual 
emergence. 

At the Chabot Observatory, at Oakland, Mr. Charles Burch- 
halter, using the eight inch Clark equatorial observed the im- 
mersion and emersion at the following local sidereal times : 

Immersion, — 

C. B.=23A 2im 28.8^. 

Emersion, — 

C. B.=ooA \<^m 45.5^. 

The conditions attending his observation of the immersion 
were nearly the same as those already mentioned, but the star* 
apparently did not advance so far on the moon's disc, and in 
his telescope some of the rays of the star projected outside the 
moon's limb. 

Prof Davidson then explained a similar circumstance that 
exhibited itself when he observed the occultation of a Scorpii 
at the bright limb of the moon in daylight, as far back as 1848 
when Prof Bache failed to elicit from him any explanation of 
the phenomenon. A second occultation of « Scorpii was re- 
ferred to a having been made at the bright limb during his 
work in Puget Sound, with almost identical phenomena. But 
subsequent experience in observing occupations, eclipses, etc., 
and in continuous work in goedetic observations convinced him 
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that the peculiarity mentioned, the Baily*s beads of total solar 
eclipses, the ligament and the black drop of the transits of Ve- 
nus and Mercury, and similar phenomena, depended wholly 
and solely upon the unsteadiness of our atmosphere arising 
from the irregularities of refraction through strata of abnormal 
temperatures causing objects to exhibit spurious discs. With 
these convictions and his experience at great elevations he has 
for many years urged the occupation of high mountain peaks 
for astrophysical research and observation. 

The following are the geograghical positions of the observa- 
tion stations : 

Davidson Observatory, Latitude 37° 47' 24.75" north. 

Longitude 122° 25' 40.5" west. 

Chabot Observatory, Latitude 37° 48' 05.0" north. 

Longitude 122° 16' 34.4" west. 

The observers, G. D.=George Davidson, C. B. H.=:Chas. B. 
Hill, G. F. D.=G. Fauntleroy Davidson. The immersion was 
observed with two three inch Iraunhofers, power 105; emersion 
by Hill, same; by Davidson 6.4 inch Equatorial, Clark, power 

1 50. GEORGE DAVIDSON. 



BOOK NOTICES. 



Johnson, J. B.: The Theory and Practice of Surveying, pp. 
683, g}ix6}i. New York, John Wiley & Sons. 

Prof. Johnson is the teacher of Civil Engineering at Wash- 
ington University, St. Louis, and has been employed on both 
the U. S. Lake and Mississippi River surveys. The book is 
intended to give a modern and scientific treatment of the sub- 
jects of most value to American surveyors, special emphasis be- 
ing put on directions for field-work. Book I containing 171 pages 
is devoted to the description of over twenty different instru- 
ments, with directions for their adjustment, and exercises in 
their use. Book II treats of the ordinary topics of Land, Rail- 
road and Mining Surveying, and also contains valuable chap- 
ters on Topographical, Hydrographic, City and Geodetic 
Surveying. Railroad Surveying is very inadequately treated 
in a dozen pages. The chapter on Geodetic Surveying is nec- 
essarily very elementary, and is confined chiefly to field opera- 
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tions. Some of the tables at the end of the book are well 
printed, but the table of four-place logarithms of natural num- 
bers, and the logarithmic traverse table are to be read with a 
magnifying glass ; the tables of trigonometric functions are 
trying to the eye, and should have occupied twice as much 
space. A teacher of surveying, who is not a civil engineer^ 
will find in this book much useful and interesting information. 



Gore, J. H.: Elements of Geodesy, pp. 282, g}4x6}4. New 
York, John Wiley & Sons. 

This work is not intended as a handbook for the professional 
geodesist. Its aim is to give teachers and advanced students 
a clear idea of the observations and measurements made in a 
geodetic triangulation and their reduction by the method of 
Least Squares. In addition there is a historic sketch of geo- 
detic operations, and a short discussion of the figure of the 
earth, which is prefaced by a chapter on the development of 
the formulas for latitudes, longitudes, and azimuths. At the 
end of each chapter is given a list of books bearing on the 
subject of the chapter. Some may think that the author has^ 
been excessively simple in his derivation of formulae, but the 
busy reader can forgive that. It is the opinion of the reviewer 
that both author and publisher have done their work excep- 
tionally well, and that the book fills its niche admirably. 



Elements of Analytic Geometry. By G. A. Wentworth, A. M.^ 
Professor of Mathematics in Phillips Execter Academy. 
Boston: Messrs. Ginn & Company, publishers, 1886. 

Like other books in the Wentworth series of Mathematics,, 
this is written by a teacher who evidently knows the needs of 
a beginner in analytic geometry. The author has not tried ta 
produce either a treatise or a reference book in this most in- 
teresting theme of the pure mathematics, but he has presented 
in a plain, direct and logical way the essentials for elemental 
study for a judicious start in independent thinking without the 
aid of the calculus. He has had a definite object in mind, and 
he has accomplished it well. The usual topics are presented 
with a -variety of exercises under each aptly chosen to illus- 
trate the principles and fix them in the mind. That the stu- 
dent, on first sight, may recognize the important formulae, they 
appear in different type. This new book sustains the well- 
earned credit of the series in which the publisher's handsome 
work forms no small part. 



The Sidereal Messenger, 

CONDUCTED BY WM. W. PAYNE. 

Director of Carlton Colleg^e Observatory, Northfleld, Minnesota. 

Vol. 6, No. 2. FEBRUARY, 1887. Whole No. 52 



MOTION OF THE LUNAR APSIDES. 



E. COLBERT.* 



The motion of the lunar orbit has long been a vexed question 
with the mathematicians. Tlie following method of reconciling 
the theory with observation is novel, and perhaps will be accepted 
as conclusive: 

It may be mentioned, incidentally, that the motion of the Innar 
apsides has for the last two hundred years been a stumbling 
block. Newton tried to account for it on the gravitation theory, 
but left it with the remark, '^ jlpsis Imim est duplo velocior 
circiter^^ (the motion is about twice as great as this). Claikaut 
showed, in 1750, how to account theoretically for the other half, 
but the attempt to reduce the equations to a numerical form still 
left a residual, and when Laplace attacked the problem he was 
only able to make the theory responsible for 444 parts out of 
445. It has been attempted to bridge over the difficulty by* adding 
2 sin2 ^y , dQ -T- dt to the motion of the perihelion; which in 
the case of the moon is pnictically equal to 4 sin^ iy, becjiuse 
d^ -r- dD = J sin^ y^ =2 sin^ J^, nearly. It will be 
observed that this quantity is not needed in that shape, neither 
is the existence of a second moon required to account for the \)m- 
geal motion. I may not be familiar with all the literature of the 
subject, but believe that the outstanding residual has not hithcnto 
been eliminated by any investigator; and note a recent remark 
by G. W. Hill to the effect that it is not j)robable the perigeal 
motion will ever be accounted for by theory so clost^ly as it can 
be obtained by a comparison of observations. 

* Formerly Superintendent Dearborn Observatory. 
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If 1 — c represent the perigeal motion divided by that of the 
moon, then c^ and (1 — c^) are the squares of two sides of the 
right-angled triangle the hypothenuse of which is unity; and 
V 1 — c*-^ is the perturbation of the radius vector. (This is not new.) 
The quantity 1 — c^ comprises a radial, which involves r'^\ a 
tangential, depending on the square of the velocity in the orbit, 
involving r^\ and one that originates in the displacement, being 
really a perturbation of the perturbation. The last is usually 
treated as a single quantity, namely as a function of r^. It is 
more philosophical to regard it as furnishing a multiple for each 
of the other two instead of being a quantity simply additive. 
Also, for obtaining the mean motion of the apsides, it is sufficient 
to derive the constant portion of each function considered, being 
what we shall here call the "Avei-age Value" of the quantity: 

With g the mean anomaly, e the eccentricity, r the radius 
vector, and a the semi -axis major, we have the following extension 
of a well-known equation: 
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And an inversion of this series gives the following, which it 
is not necessary to carry out beyond the sixth power: 
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Raising each of these exju'essions to the rocjuired powei-s, and 
omitting all that is periodical , we have as "average values": — 
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• For the solution of the problem we tjikci the following as 
the most pi-obable values of the quantities named. They are 
deduced from the figures given by Newcomb, in 1879, in his 
paper on the recurrence of solar eclipses. The ej)och chosen is 
A. D. 1800. The processes of the subsequent computation are 
given, as they may be of use in verification; and all of the loga- 
rithms have been computed closely enough to secure accui*acy in 
the last figure of the result as here pi^esented. The mai'k ' 
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following some of the numbers or logarithms indicates that the 
next succeeding figure would be nearly 5. The same mark 
inveiiied, thus, ^ shows that the given value is too great by half 



a unit, or nearly so, in the right hand place: 



0's daily motion, 

Sidereal year, days, 
]) 's synodical rev. days. 

Sidereal rev. days, 
]) 's daily motion, 
]) 's — 's daily motion, 
]) 's 7t^ daily motion. 



3548'M927904 
365 -2563647 
29 -53058844 
27 -32166120 
47434".890233 
43886".697443 
400".9187565 



Half square ratio sidereal periods; 

= (1 -r 357-447). 
358-447 -r 357-447 



Logarithifns. 
3-55000 72091 
2-56259 77924 
1-47027 21009' 
1-43650 71016 
4-67609 78999' 
4-64233 29006 
2-60305 63747 

97-44678 86227 
0-00121 32943 



m 



Nominal perturbation; - =0-00278 98145 97-44557 53284 

Then for e,, the eccentricity of the earth's orbit, with 
e^ = 001 679228, we have by a preceding formula: 

(a,-r-r,)a = 1-00042 31202 000018 37199 

and taking an approximate value for ]) 's c, with y = about 
5^8' 40''. 6 we obtain ^, the perturbation of the perigeal motion 
due to the earth's elliptical figure, as follows: 
Constant of precession (Julian) = 54". 94625 
Obliquity, (1800) = 28° 27' 54".8 cos 

50".40230 

Daily soli-lunar 0". 1379940 

])'s m-^a^ X 0'sa,3-^m, 



1-73993 805 
9-96251 23' 

1-70245 04 

9-13986 02 



1-00453 806 

2154902 
1 -000423 



D's (a -:- r)« 

1 _ (3 ^ 2) sin2 y 

0's (a,^r,)3 

Sum of D and = 3155325 
(3 -r 2) seconds sidereal arc in solar day, 
(Solar days in sidereal year)'-^ a. c. 

Obliquity of ecliptic, cos 

Daily soli-lunar precession, 0". 13799 40 a. c. 

306-468 



0-33673 10 
000196 64 
9-99473 02, 

0-33342 75 



0-49904 41 

6-28988 37 

94-87480 44 

99-96251 23' 

0-86013 98 

2-48638 44 
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Twice do X Moon's mass, = 7-51744 a. c. 9912395 G3 

Lunar precession, 0".09424 18 9897424 36 

JE on perigee, 0''.01253 718 98-09819 99 

= dD (0-00000 02643 03) 93-42210 20 
2jgr -1- (1 - c2) = 1-00003 14038 5 = 000001 36383 

Our value of -^ is slightly larger than tlie one given by Laplace. 
The precession here used is greater than that observed ; the differ- 
ence being due to a planetary perturbation which causes the 
equinox to move forward a little more than 17" in -a century. 
The number 306.468 is the earth's moment of inertia divided 
by the momentum of the ring of matter that foims our equator- 
ial protuberance. 

The value of e is, however, a direct function of the perturbation. 
We obtain it as follows: 

(1 — c2) -^ 6 97-44799 80098 . 

Syn. -T- sid. period of D 003376 49993* 

= {e2 -h p^) 97-48176 30091' 



Whence e = 0-05489 97758 9873957 057 

e^ = -0030139854 97*47914 11416 

p = 0-99698 60146 9-99868 90662 

Then, for the averages on radius vector wo have : 

{r -r- a)3 = 1-00904 53630 5' 000391 06910 0' 

(r -r- a)4 = 1-01508 69601 8 000650 44721 7 

Also for the inclination we have: 
8 e2 ^ 3 — 0-00803729430 
Se^p-^S = + 3396 



l^\; r = 5° 8' 39"815 + 0"804 



sin2 y = 0-00804 069057 97-90529 335 

When n is an even power, the avei-age value of sin^* y is 
n(»i — 1) . (7t — 2) . . . . (^?t + 1) 

2«(1 . 2 . 3 . 4 ^n) 

(iiving ( 1 -^ 2 ) for sin2 ; ( 3 -h 8 ) for sin* ; 

(5 -T- 16) for sin«; (35 -^ 128) for sin^ ; etc. 

Cos 2 D 's latitude =: 1 — sin2 y sin2 longitude. Hence we get 
the following values, not for the latitude at any particular point 
but the average cos, cos 2, etc., of the D 's latitude: 

cos lat. ^1 — — 8in2 y — — sin* y — sin^ y — sin ^ y. 

4 ^ 64 ^ 25G ^ 16384 ^ 

cos 2 lat. =1 — I sin2 y. 
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cos^ lat. = 1 — - sin2 y + _ sin"^ v + sin® y + sin^ y. 

4 ^64 '^ 256 ^ 16384 ^ 

cos^lat. = 1 — sin^ ^ + | sin^ y- 

These relations give us: 

cos^ lat. = 0-99397 85840 : 9-99737 70272 

cos^ lat. = 0-99198 35542 : 9-99650 44722 

And these multiplied into the average values of r^ and r* give 
the average third and fourth powers of the jft'ojection of r on 
the plane of the ecliptic: 

It is important to note that the sum of the cube cosines for 
an inclination of 5° 8' 40". 61 9 is equal to that for a medial value 
of 0".804 less; so that our computation gives us 5^'8'39".815 ± 5'. 
This corresponds precisely to the Hansenian value of 5° 8' 39". 9 6 
corrected by the — 0".15 by Newcomb deduced from a discussion 
of the Greenwich and Washington observations from 1862 to 1874. 

If 5^ be the ]) 's distance divided by that of , and taking 
the parallaxes as equal to 3422". 75 and 8". 794, we have 
^'^ = 0-000006601803; and the value of 3^-7-2 must be multi- 
plied into (1 + _ 5^2^ etc.) and ( 1 + -q 5^^, etc.) for the perturba- 

8 8 

tive series in the direction of r and perpendicular thereto. 

. For the effect due to the "variation," let 1 + a; and 1 — a; 
represent the semi -axes of the ellipse, the longer axis being in 
quadi'atures and the other in the syzigies. Let w be the ineim 
angular distance from the direction of the minor -axis of this 
ellipse. Then if r^ denote the distance from the centre to any 
point in the circumference, we have, by comparison of the ellipse 
with its circumscribing circle: 
r^ = sin^ {w '\' dw ) . ( 1 + a; )2 + cos^ (w + dw ) . ( 1 — aj )''^; 

= \ '\' x'^ — 2a; cos 2k? + 4q x'^ sin 2t^; 
if qx denote the maximum perturbation in longitude in the 
avei-age orbit: — that which gives unequal areas in equal times. 

Now, 1 + a;'^ = a^, if a^ be the radius of the circle of equal 
area that would have been described in the absence of compres- 
sion; because (l4-^')*(^ — ^) == ^ — ^^' Hence 
r^ = a^ — 2a; cos 2w + 4Qa7*^ sin'^ 2w, 
if therc were no change of area; and becomes 

(l + ^) . (1 — 2a; cos 2i(? + 4Qa;*^ sin2 2w) 



THE LUXAR APSIDES, 



53 



on account of solar iiferturbation on a^. From this we have: 

r3 = (l + ^') . (1 + 3^-^+ 3q^2+ 9 q2^4) 

ri = y(l+^)''. (1 + 2*^+ 4q*2+ 6 Q2a,4). 
The numerical values are as follows: 



a. c. 



2 



016823 44223 



1-77506 01269' 
97-4791411416 
9-2259148612 

98-480116130 



( syn 4- sid Y -\ = 

= 4 a: -T- ( 1 + a; )2 

which is the square of the average eccentricity in the hypotheti- 
cal orbit described by the moon once in each synodical lunation. 
X = -00766 81608 

1 + X 
1 - X 

a;2 -00005 88006 9 

(1 + a;) -^ (1 - a;) = tan (45^ + 1581".633) = 
1 + (x2 -1- 2) 

(1 -.c2)-^ 2 
D 's daily motion -7- p avei-ago cos^ y 

402''.857 = 



97-88469 12105 
000331 75364 
9-99665 69260 

95-76938 24210 
0-00666 06104 
0^00001 27682 

97-92511 926 
4-68003 181 

2-60515 107 



add 



1581".633 



1984^490 






3-29764 88 


Syn -7- 


sid D 


\ 




0-03376 50 


2144''. 


934; 


=. Variation; 


_ 


3-33141 39 


And Q = 






(log) 


9-40603 472' 


Taking the logarithms, we have: 










For r^ 




For r-^ 


Function of e 




0-00391 06910 




0-00650 32488 


Y 


- 


9-99737 70273 




9-99650 44722 


" • X 




0-00005 14323 




0-00009 41089' 


a 




0-00000 32255 
0-00134 23761 




53758 


(logs.) 


000310 72057' 


and the 


\ 


l-(r0309 57170 




numbers are J 


1 -007 


18 02610 





2-01027 59780 
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The logarithm of the sum = ' 0*30325 56830' 

(3 -r 2) m 97-92269 65831' 

Solar; (a,^r,)3, 000018 37199 

Earth perturbation, 0*00001 36383 

Planetary perturbation, 9*99999 96358 

1 — c2 -01683 25245 7 98*22614 92602 



1 - c -00845 19803 3 97*92695 84777 

D 4-67609 78999' 

(1 - c) = 400".91875 926, 2-60305 63777. 

(The planetary perturbation is that adopted by Hill in his 
tables of Venus. It is what Laplace terms the "indirect" per- 
turbation; being that due to the enlargement of the earth's radius 
vector by planetary action, which lessens the solar disturbing 
force. The direct planetary perturbation is neglected, being 
infinitessimal as between the earth and moon.) 

This result is identical with the value of the perigeal motion 
which Newcomb has obtained from a discussion of the eclipses 
of 2500 years preceding the present century. The difference 
between the two is less than one part in 100,000,000. Hence 
the problem is completely solved. 

The following is the resulting value of the daily motion of g, 
the mean anomaly: 47033".97147 44 

Newcomb, 47033". 97 147 

Hansen; (Tables ]) ), 47033".97227 

If any one should object to our deduction of the values of e 
and Y from that of the quantity sought he is respectfully referred 
to the top of page 174 of Loomis' Practical Astronomy, with the 
fact that a comparison of the rates of change in the values of 
the quantities shows this to be a parallel case with that given 
by Loomis. on page 173. It is not necessary to our result to 
carry out the logarithm of e^ to ten places; but I think there 
needs be no doubt in the future in regard to the precise values 
of e, y^ or x in the lunar orbit. Of course the numerical values 
of these quantities are slightly reduced since the beginning of the 
century by the decreasing eccentricity of the earth's orbit. There 
is still room for a possible very small correction to the assumed 
values of sidei-eal motion of the sun and moon. 

Chicago, December 12, 1886. 
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ASTRONOMY AND THE ICE AGE. 



W. H. S. MONCK, Dublin, Ireland. 



For the Messenger. 

It appears to me that the real difficulty in Dr. Croll's theory 
of the Ice Age has been but very partially met by that authof 
and IS altogether overlooked by Sir Robert Ball, the distin- 
guished Astronomer Royal of Ireland, in the article which ap- 
pears in the SIDEREAL MESSENGER for December, 1886. 
Briefly stated that difficulty is this : In the Glacial Period 
land's on which snow and ice now lie only in small quantities 
and for a comparatively short time were covered with a snow- 
cap or ice-cap to the depth of several hundred feet. It is plain 
that such a snow-cap could not be produced in one winter and 
melted off during the following summer. It must have gone 
on increasing in depth year after year for a considerable peri- 
od during which the surface of the soil could never have been 
free from snow and ice. Now the difficulty is to show how 
this effect could be produced by an increased cold in winter 
accompanied by a corresponding increase of heat during the 
ensuing summer , It is admitted that the total amount of solar 
heat received by the earth in the course of the year at the 
period of greatest eccentricity is not less, but even greater, 
than that which it receives at any other period. Why then 
should not the summer-heat suffice to melt the winter snow 
and ice at all places where it is now capable of doing so .'* In- 
deed I do not see why this should not take place even if the 
extremes of heat instead of being 1.38 and 0.68, as in Sir Rob- 
ert Ball's computation, were 2.00 and 0.00. As a matter of fact 
many places within the Arctic Circle are cut off for several 
days from all direct solar heat and yet they do not wear a per- 
petual snow-cap. Inequalities of temperature too appear, in 
some instances at least, to produce a tropical vegetation rath- 
er than a perpetual covering of snow. The mean temperature 
of Astrakhan is not higher than that of London but at the 
former place the finest grapes ripen in the open air and plants 
flower which in England are to be found only in greenhouses: 
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to which I may add that though the increase of solar heat at 
the period in question is small, (it has been estimated at Trm of 
the total amount) the effect of exposure to this increased heat 
for centuries could hardly fail to be the reverse of that sup- 
posed by Dr. CroU. It would probably suffice to melt one foot 
of ice in three years, or i,ooo feet in 3,000 years, during which 
latter period there would be no perceptible change of eccen- 
tricity. 

If we take a place at which the temperature remains steady 
throughout the year at the temperature of 31° F, it is plain 
that if not cut off from the sources of snow or rain it will wear 
a perpetual snow-cap. But suppose that I were allowed to 
divide the quantity of heat which this place receives in the 
year as unequally as I chose, could I not succeed in clearing 
away the snow for a time and perhaps even in bringing some 
kind of crops to perfection ? Something of the kind in fact 
takes place in most localities where the range of temperature 
is* very great. 

The Glacial Period is, I think, still an unsolved mystery. It 
seems to have been preceded by a very long period of declin- 
ing temperature as if the sun was being slowly cooled by 
radiation. This of course is in entire agreement with theoretic 
Astronomy. But how did the sun recover his heat at the close 
of the Glacial Epoch } This I suspect will be the ultimate 
form of the question, and if so. Astronomy alone can supply 
the answer. 



RECENT STELLAR PHOTOGRAPHY.* 



E. E. BARNARD. 



Celestial photography began forty-six years ago ; though as 
a means of accurate and delicate research its history is con- 
fined to the past three or four years. 

As only late photographic work is to be considered at this- 
time, we can only mention that done by the elder Draper, De 



* Abstract of article in the Daily American^ Nashville, Tenn., Jan. 2, 1887. 
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la Rue, Bond, Rutherford (whose photographs of the moon in 
1864 are still perhaps the best made), Dr. B. A. Gould (photo- 
graphs of star-groups and clusters in the southern skies), Pro- 
fessor Pickering (study of the light of stars) and Dr. Huggins 
(in attempting to photograph the corona without an eclipse). 

Since the death of Dr. Henry Draper in 1882, celestial pho- 
tography has received more attention in France and England 
than elsewhere. In France the refracting telescope is used 
altogether in photography, while in England preference is 
given to the reflecting telescope. These two instruments dif- 
fer from each other chiefly in the way light rays are used as 
indicated by the meaning of the words refracting and reflect- 
ing. In the first, the lenses are specially corrected for the 
photographic or actinic rays ; in the second, no such correction 
is required, since the actinic and visual focuses coincide. A few 
years ago Mr. A. A. Common, of Ealing, England, procured a 
large reflecting telescope of thirty-six inches aperture. With 
this instrument he has closely pursued the work of celestial 
photography, and in 1883 he succeeded in making the finest 
photograph of that wonderful object, the Great Nebula of 
Orion,' that has yet been made. This remarkable picture 
shows the nebula in all its singular ramifications. All the de- 
tails that are seen in ordinary instruments are faithfully de- 
picted, and many more that are beyond the reach of any but 
the most powerful instruments. But we must give the first 
honor to an American for obtaining the earliest accurate pho- 
tograph of this magnificent nebula. This was made by Dr. 
Henry Draper, of New York. His photograph, made with 
an eighteen-inch reflector in 1882, created great interest at the 
time. It required an exposure of one hour and thirty-seven 
minutes and showed stars as faint as the fifteenth magnitude, 
which were scarcely risible to the eye in the same instrument. 
Mr. Common's picture is superior to Dr. Draper's. It shows 
much more detail, and the definition of the entire object is'far 
better ; it brings out clearly the wonderful bat-like form of the 
Great Nebula. 

Mr. Common is now having constructed a yet larger instru- 
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ment, the speculum of which will be five feet in diameter. The 
prosecution of photography with such an instrument will result 
in a still better knowledge of the far distant wonders of the 
sky. 

But by far the most important work has been done at Paris. 
The skill and tireless energy of two brothers, the Messrs. Paul 
and Prosper Henry, have overcome, to a wonderful extent, the 
optical, mechanical and chemical difficulties that have been 
such a barrier to success in celestial photography. The in- 
struments with which their remarkable success has been 
achieved, were constructed by themselves. Their first experi- 
ments were made with a telescope of nine inches aperture. 
The surprising results obtained with this led them to construct 
a larger instrument of 13.4 inches. 

A few of the most important results cannot fail to be of 
popular interest, though it would require some familiarity with 
the subject to fully appreciate their wonderful pictures. 

The Pleiades have been carefully studied, and accurate charts 
of the brighter stars made by such astronomers as Bessel, Wolf 
and Elkin. 

Wolf's chart of the Pleiades, made at the Paris Observatory, 
required three years of assiduous work upon the part of a 
clever observer (1873, 1874, 1875) and also much work in 1878. 
Such a task may well be considered as the principal life work 
of an astronomer. 

This chart contained 671 stars down to the thirteenth mag- 
nitude, and its author, after having thoroughly studied the 
entire group with the great telescope of forty-seven and one- 
fourth inches aperture, and also with the refractor of twelve 
inches, thought that he had attained the limit of the visible 
universe in that region of the sky. This same cluster was 
photographed at the same observatory in one hour's time. The 
old chart and the photograph were on tfie same scale, and 
could, therefore, easily be compared. The photograph showed 
in the same space 1,421 stars down to the sixteenth magnitude, 
or over twice as many as the eye had seen with a far greater 
instrument. 
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Doubts had already arisen as to the accuracy of some of the 
details of Wolfs chart, both in the position of the fainter stars 
and their magnitude. The photograph is perfectly accurate^ 
and will stand as an authentic picture of the present appear- 
ance of the Pleiades. Beyond this extremely important fact 
the picture revealed many wonderful things that were unknown 
before. When the plate was developed, a small stain was seen 
close to, and apparently originating in, the star Maia, " very in- 
tense and effecting a very characteristic spiral form." Was it 
a stain } Another exposure showed the same object ; this 
proved it to be real and to belong to the Pleiades ; it must 
then be a new nebula, for no such object was known at that 
point. A close search for it with the great telescope of the 
observatory — five or six times as large as the one that photo- 
graphed it — failed to show any trace of the object. A third 
photograph showed it as clearly as the previous two. Then 
the observers had the courage to announce the discovery. But 
though a diligent search was made for it with all the great tel- 
escopes of the world, only two — and these with difficulty — 
were able to see it. These were the great thirty-inch refractor 
at Pulkowa and the large telescope at Nice. Yet the Pulkowa 
telescope was five times as great as the one that photographed 
the nebula. 

But this was not all the wonderful Paris photograph re- 
vealed. In 1859, Temple ^^ Florence, Italy, discovered a large 
nebula about, and extending southwesterly for a half degree 
from, the star Merope of this group. Since that date observ- 
ers have been equally divided as to its existence or non-exist- 
ence ; some seeing it readily, others not being able to even 
" glimpse it." 

But that Paris photograph showed that it did exist, and not 
only that, instead of one there were four nebulae at that point. 
But it must be admitted that the full extension of the nebula 
that is common to observers was not shown in the picture, the 
more diffused nebulosity seemingly having escaped the sensi- 
tive plate or lost in developing. 

Among the discoveries in the Pleiades were a number of 
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minute companions close to several of the brighter stars. 
Some of these can be seen with no telescope, for the eye is 
dazzled by the light of the bright star. This in some part ac- 
counts for the difficulty in seeing the Maia nebula ; the sensi- 
tive plate, however, is not so affected, being able to photo- 
graph a faint star close to a bright one as readily as if it were 
isolated on the dark sky. One of these little stars that had 
been carefully observed and measured by Wolf, the photo- 
graph showed to be two little stars close together. 

Excellent photographs of the planet Saturn were obtained 
directly enlarged eleven times. The black separation of the 
two bright rings was clearly shown ; the belts, the polar caps 
and the semi-transparent ring were also perfectly pictured. 

Good photographs of Neptune were secured. The satellite 
of that planet was photographed in all parts of its orbit. This 
was all the more interesting, because photography is actually 
the only means of observing this satellite at Paris, the regular 
observing instrument not being powerful enough to deal with 
it. Photographs of double and multiple stars were obtained ; 
also fine views of groups and clusters, including those of Her- 
cules and Perseus. 

The celebrated Ring Nebula, of Lyra, was photographed as 
a ring of light with a perfectly black center. A photograph 
of Epsilon Lyrae showed,* after two hours exposure, stars 
fainter than the debilissima of Herschel, and of less than the 
sixteenth magnitude, while an exposure near Vega showed 
stars still fainter, some of which, it is believed, will never be 
revealed to mortal eye save through the aid of photography. 
When one of these pictures was being made, a small asteroid 
happened to be among the stars that were photographed, and 
as ;t was in motion it left its path on the sensitive plate as a 
trail of light. 

In the meanwhile work has been pushed forward in England, 
and some of the very latest advances have been made there. 

At the November meeting of the Royal Astronomical So- 
ciety in London, Mr. Isaac Roberts exhibited negatives taken 
with his twenty-inch reflector which received the highest 
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praise. Some of these were parts of Cygnus, and covered the 
^ame ground that the Paris pictures showed. As the French 
and English negatives were on the same scale and covered 
identically the same regions, they were strictly comparable. 
It was found that Mr. Roberts* negatives showed on the aver- 
.age ninety-one stars to the square inch, while the Paris picture 
had only fifty-five stars in the same area. 

Mr. Roberts also exhibited a negative of the Pleiades, which 
not only showed all the details photographed at Paris, but 
much more. This was made with an exposure of three hours, 
^nd showed that not only were the stars Alcyone, Maia, Elec- 
tra and Merope surrounded by nebula, but that the nebulosity 
extends in streamers and in fleecy masses till it seems almost 
^o fill up the spaces between the stars, and to go far beyond 
them. It suggests the probabih'ty that these principal stars of 
the Pleiades, together with many of the stars around them, are 
-either directly involved or else in alignment with one vast 
nebula. This plate showed the Merope nebula in all its ex- 
"tension, just as it is seen and drawn by observers, which was 
not depicted in full upon the Paris photograph. 

But all these results are not secured without the astro-pho- 
-tographer's brain being taxed. He cannot simply place his 
-sensitive plate in the telescope and then sit down and leisurely 
Avait till the propitious stars have kindly registered themselves. 
There must be a most delicate motive power applied to the 
telescope. So faint are some of the objects that the celestial 
photographer grapples with, that all the sensitiveness of his 
^vonderful dry plates is brought into action, as we have seen, 
only after hours of exposure. Unless the telescope through- 
out this long interval is driven with unerring precision, the re- 
sult is worthless. The most ingenious mechanism has been 
applied to the telescope, so that the great instrument follows 
the star slowly — almost imperceptibly, but surely. 

The length of exposure varies with the brightness of the ob- 
ject It has been 'calculated that with a thirteen-inch tele- 
scope the stars Vega and Sirius can be photographed in the 
-riftnr of a second ; for a star just visible to the naked eye one- 
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half second, while for the faintest stars visible in the telescope^ 
one hour and twenty minutes are required. 

The image of one of these faint stars on the photographic 
plate is txjW of an inch in diameter. What does this signify ? 
It signifies that for.a period of eighty minutes the telescope 
must move in a direction contrary to the earth's rotation, with 
a velocity so uniform that the image of that stellar point must 
not vary from its original position on that plate by less than 
TTTUTF of an inch, or the star would not be photographed at all. 

So great has the importance of celestial photography be- 
come through the work of the Henry brothers that a congress 
of astronomers from all parts of the world will meet at Paris 
in April next to discuss plans for a grand survey of the sky. 
It is proposed to photograph the entire heavens from pole ta 
pole, thus accumulating for our own use, and especially for 
that of coming generations of astronomers, the most accurate 
charts of the millions of stars, including those that are seem 
only in the largest telescopes. It is expected that the heavens 
will be divided up into zones and these distributed among dif- 
ferent observatories, and thus the work can be rapidly pushed 
forward and completed in the next ten years. 

The subjects that are proposed for discussion at this con- 
gress are various and thoroughly cover all the ground of celes- 
tial photography, among which are : The size and prices of the 
instruments ; the method of pointing, whether with an addi- 
tional telescope, as now, or by watching the image through 
the sensitive plate as it is being photographed ; the size of the 
charts and the minimum limit of the stars they wish to secure; 
the best method to avoid confusion of accidental spots on the 
negative with small stars, the present method being to make 
three successive exposures on the same plate, which is shifted 
at each exposure, every star then is represented by a small 
triangle of three points, accidental spots being thus easily dis- 
tinguishable. The best possible method of preserving the 
plates against deterioration by time will be one of the most 
important questions discussed. Several observatories have al- 
ready ordered instruments from Paris, but these will not be 
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constructed until after the April meeting, as many improve- 
ments are expected to be brought forward then. 

THE METEORITES, THE METEORS AND THE SHOOTING 

STARS* 



PROFESSOR H. A. NEWTON. 

You are kindly giving to me an hour to-night in which I may 
speak to you. I do not have enough confidence in myself to 
justify me in speaking to such an audience as this upon one of 
those broad subjects that belong equally to all sections of the 
Association. The progress, the encouragements and the diffi- 
culties in each field are best known to the workers in the field, 
and I should do you little good by trying to sum up and re- 
count them. Let me rather err then, if it all, by going to the 
opposite extreme. 

Two years ago your distinguished President instructed and 

delighted us all by speaking of the Pending Problems of Astron* 

omy, what they are and what hopes we have of solving them. 

To one subject in this one science, a subject so subordinate that 

he very properly gave it only brief notice, I ask your attention. 

I propose to state some propositions which we may believe to be 

probably true about the meteorites, the meteors, and the 

shooting stars. 

In trying to interest you in this subject so remote from your 

ordinary studies I rely upon your sense of the unity of all 
science, and at the same time upon the strong hold which these 
weird bodies have ever had upon the imaginations of men. \n 
ancient times temples were built over the meteorite images 
that fell down from Jupiter and divine worship was paid them, 
and in these later days a meteorite stone that fell last year in 
India became the object of daily anointings and other cere- 
monial worship. In the fearful imagery of the Apocalypse the 
terrors are deepened by there falling **from heaven a great star 
burning as a torch," and by the stars of heaven falling *'unto 
the earth as a fig tree casteth her unripe figs when she is shak- 
en of a great wind." The **great red dragon having seven 

*Aii address by the retiring President before the American Association for the Advance- 
ment of Science, at Buffalo, August, 1886. 
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heads and ten horns and upon his heads seven diadems" is pre- 
sented in the form of a huge fireball. "His tail draweth the 
third part of the stars of heaven, and did cast them to the 
-earth." Records of these feared visitors under the name of fly- 
ing dragons are found all through the pages of the monkish 
chroniclers of the Middle Ages. The Chinese appointed offi- 
cers to record the passage of meteors and comets for they were 
thought to have somewhat to say to the weal or woe of rulers 
and people. 

By gaining in these latter days a sure place in science, these 
bodies have lost their terrors, but «o much of our knowledge 
about them is fragmentary, and there is still so much that is 
mysterious, that men have loved to speculate about their 
origin, their functions, and their relations to other bodies in 
the solar system. It has been easy, and quite common too^ to 
make these bodies the cause of all kind of things for which 
-other causes could not be found. 

They came from the moon ; they cameTrom the earth's volca- 
noes ; they came from the sun ; they came from Jupiter and the 
other planets ; they came from some destroyed planet ; they 
came from comets ; they came from the nebulous mass from 
which the solar system has grown ; they came from the fixed 
stars ; they came from the depths of space. 

They supply the sun with his radiant energy ; they give the 
moon her accelerated motion ; they break in pieces heavenly 
bodies ; they threw up the mountains on the moon ; they made 
large gifts to our geologic strata ; they cause the auroras ; they 
give regular and irregular changes to our weather. 

A comparative geology has been built up from the relations 
of the earth's rocks to the meteorites ; a large list of new ani- 
mal forms has been named from their concretions ; and the 
possible introduction of life to our planet has been credited to 
them. 

They are satellites of the earth ; they travel in streams, and 
in groups, and in isolated orbits about the sun ; they travel in 
groups and singly, through stellar spaces ; it is they that reflect 
the zodiacal light ; they constitute the tails of comets ; the solar 
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corona is due to them ; the long coronal rays are meteor 
streams seen edgewise. 

Nearly all of these ideas have been urged by men deservedly 
of the highest repute for good, personal work in adding to 
human knowledge. In presence of this host of speculations, it 
will not, I hope, be a useless waste of your time to inquire what 
we may reasonably believe to be probably true. And if I shall 
liave no new hypothesis to give to you, I offer as my excuse 
that nearly all possible ones have been already put forth. This 
Association exists, it is true, for the advancement of science, 
but science may be advanced by rejecting bad hypotheses as 
as well as by forming good ones. 

I begin with a few propositions about which there is now 
practical unanimity among men of science. Such propositions 
need only be stated. The numbers that are to be given ex- 
press quantities that are open to revision and moderate 
changes. 

1. The luminous meteor tracks are in the upper part of the 
-earth's atmosphere. Few meteors, if any, appear at a height 
greater than one hundred miles, and few are seen below a 
height of thirty miles from the earth's surface, except in rare 
<ases, when stones and irons fall to the ground. All these 
tneteor tracks are caused by bodies which come into the air 
from without. 

2. The velocities of the meteors in the air are comparable 
with that of the earth in its orbit about the sun. It is not easy 
to determine the exact values of those velocities, yet they may 
be roughly stated as from fifty to two hundred and fifty times 
the velocity of sounds in the air, or of a connon ball. 

3. It is a necessary consequence to these velocities that 
Ihe meteors move about the sun and not about the earth as 
-the controlling body. 

4. There are four comets related to four periodic star- 
:$howers that have occurred on the dates April 20th, August 
f Oth, November 14th and November 27th. The meteoroids 
which have given us any one of these star-showers constitute 
a group, each individual of which moves in a path which is like 
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that of the corresponding comet. The bodies are, however^ 
now too far from one another to influence appreciably eachr 
other's motions. 

5. The ordinary shooting stars in their appearance and phe- 
nomena do not differ essentially from the individuals in star- 
showers. 

6. The meteorites of different falls differ from one another 
in their cheftiical composition, in their mineral forms and in 
their tenacity. Yet through all these differences they have^ 
peculiar common properties which distinguish them entirely 
from all terrestrial rocks. 

7. The most delicate researches have failed to detect any 
trace of organic'life in meteorites. 

These propositions have practically universal acceptance- 
among scientific men. We go on to consider others which 
have been received with hesitation, or in some cases have been 
denied. 

* With a very great degree of confidence we may believe that 
shooting stars are solid bodies. As we see them they are dis- 
crete bodies, separated even in prolific star-showers by large 
distances one from another. We see them penetrate the air 
many miles, that is, many hundred times their own diameters: 
at the very least. They are sometimes seen to break in two^ 
They are sometimes seen to glance in the air. There is good 
reason to believe that they glance before they become visible^ 

Now these are not the phenomena which may be reasonably 
expected from a mass of gas. In the first place, a spherical mass 
of matter at the earth's distance from the sun, under no con- 
straint and having no expansive or cohesive power of its own,, 
must exceed in density air at one-^^ixth of a millimeter pres- 
sure (a density often obtained in the ordinary air pumps) or 
else the sun by his unequal attraction for its parts will scatter 
it. Can we conceive that a small mass of gas, with no ex- 
ternal constraint to resist its elastic force, can maintain so- 
great a density } 

But suppose that such a mass does exist, and that its largest 
and smallest dimensions are not greatly unequal ; and suppose- 
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further that it impinges upon the air with a planetary velocity ; 
could we possibly have as the visible result a shooting star ? 
When a solid meteorite comes into the air with a like velocity 
its surface is burned or melted away. Iron masses and many 
of the stones have had burned into them those wonderful pit- 
tings or cupules which are well imitated, as M. Daubr(3e has 
shown, by the erosion of the interior of steel cannon by the 
continuous use of powder under high pressure. They are imi- 
tated also by the action of dynamite upon masses of steel near 
which the dynamite explodes. Such tremendous resistance 
that mass of gas would have to meet. The first effect would 
be to flatten the mass for it is elastic ; the next to scat- 
ter it for there is no cohesion. We ought to see a flash instead 
of a long burning streak of light. The mass that causes the 
shooting star can hardly be conceived of except as a solid 
body. 

Again, we may reasonably believ^ that the bodies that cause 
the shooting stars, the large fireballs and the stone producing 
meteor, all belong to one class. They differ in kind of mate- 
rial, in density, in size. But from the faifttest shooting star to 
the largest stone-meteor we pass by such small gradations 
that no clear dividing lines can separate them into classes. 

See wherein they are alike. 

1. Each appears as a ball of fire traversing the apparent 
heavens just as a single solid but glowing or burning mass 
would do. 

2. Each is seen in the same part of the atmosphere, and 
moves through its upper portion. The stones come to the 
ground, it is true, but the brightly luminous portion of their 
paths generally ends high up in the air. 

3. Each has a velocity which implies an orbit about the sun. 

4. The members of each class have apparent motions which 
imply common relations I0 the horizon, to the ecliptic, and to 
the line of the earth's motion. 

5. A cloudy train is sometimes left along the track both of 
the stone-meteor and of the shooting star. 

6. They have like varieties of colors, though in the small me* 
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teors the colors are naturally less intense and are not so vari- 
ously combined as in the large ones. 

In short, if the bodies that produce the various kinds of fire- 
balls had just the differences in size and material which we* 
find in meteorites, all the differences in the appearances would 
be 'explained ; while, on the other hand, a part of the like- 
nesses that characterize the flights point to something common 
in the astronomical relations of the bodies that produce them. 

This likeness of the several grades of luminous meteors has 
not been admitted by all scientific men. Especially it was not 
accepted by your late president. Professor J. Lawrence Smith, 
who by his studies added so much to our knowledge of the 
meteorites. 

The only objection, however, so far as I know, that has been 
urged against the relationship of the meteorites and the star— 
shower meteors, and the only objection which I have been' 
able to conceive that has apparent force, is the fact that na 
meteorites have been secured that are known to have come 
from the star-showers. This objection is plausible and has 
been urged both by mineralogists and astronomers as a perfect 
reply to the argument for a common nature to all the meteors. 

But what is its real strength t There have been in the last 
one hundred years five or six star-showers of considerable in- 
tensity. The objection assumes that if the bodies then seen* 
were like other meteors, we should have reason to expect that 
among so maity hundreds of millions of individual flights, a 
large number of stones would have come to the ground and 
have been picked up. 

Let us see how many such stones we ought to expect. A 
reasonable estimate of the total number of meteors in all of 
these five or six star-showers combined makes it about equal 
to the number of ordinary meteors which come into the air in 
six or eight months. Inasmuch as we can only guess at the 
numbers seen in some of the showers let us suppose that the 
total number for all the star-showers was equal to one year's 
supply of ordinary meteors. Now the average annual number 
of stone-meteors of known date, from which we have secured 
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specimens, has during this hundred years been about two and 
a half. 

Let us assume then that the luminous meteors are all of like 
origin and astronomical nature ; and further assume that the 
proportion of large ones, and of those fitted to come entirely- 
through the air without destruction, is the same among the 
star-shower meteors as among the other meteors. With these 
two assumptions a hundred years of experience would then 
lead us to expect two, or perhaps three, stone falls from which 
we secure specimens during all the half-dozen star-showers put 
together. To ask for more than two or three is to demand of 
star-shower meteors more than other meteors give us. The 
failure to get these two or three may have resulted from 
chance, or from some peculiarity in the nature of the rocks of 
Biela*s and Tempel's comets. It is very slender ground upon 
which to rest a denial of the common nature of objects that 
are so similar in appearance and behavior as the large and 
small meteors. 

It may be assumed then as reasonable that the shooting 
stars and stone-meteors, together with all the intermediate 
forms of fireballs, are like phenomena. What we know about 
the one may with due caution be used to teach facts about the 
other. From the mineral and physical nature of the different 
meteorites we may reason to the shooting stars, and from facts 
established about the shooting stars we may infer something 
about the origin and history of the meteorites. Thus it is 
reasonable to suppose that the shooting stars are made up of 
such matter and such varieties of matter as are found in me- 
teorites. On the other hand, since star-showers are surely re- 
lated to comets, it is reasonable to look for some relation of 
the meteorites to the astronomical bodies and systems of which 
the comets form a part. 

This common nature of the stone-meteor and the shooting 
stars enables us to get some idea, indefinite, but yet of great 
value, about the masses of the shooting stars. Few meteoric 
stones weigh more than one hundred pounds. The most pro- 
ductive stone falls have furnished only a few hundred pounds 
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each, though the irons are larger. Allowing for fragments not 
found, and for portions scattered in the air, such meteors may 
be regarded as weighing a ton, or it may be several tons, on 
entering the air. The explosion of such a meteor is heard a 
hundred miles around shaking the air and the houses over the 
whole region like an earthquake. The size and brilliancy of 
the flame of the ordinary shooting star are so much less than 
that of the stone-meteor that it is reasonable to regard the or- 
dinary meteoroid as weighing pounds or even ounces, rather 
than tons. 

Determinations of mass have been made by measuring the 
light and computing the energy needed to produce the light. 
These are to be regarded as lower limits of size, because a 
large part of the energy of the meteors is changed into heat 
and motion of the air. The smaller meteors visible to the 
naked eye may be thought of without serious error as being 
of the size of gravel stones, allowing, however, not a little 
latitude to the meaning of the indefinite word gravel. 

These facts about the masses of shooting stars have impor- 
tant consequences. 

The meteors, in the first place, are not the fuel of the sun. 
We can measure and compute within certain limits of error the 
energy emitted by the sun. The meteoroids, large enough to 
give shooting stars^ visible to the naked eye, are scattered very 
irregularly through the space which the earth traverses, but in 
the mean each is distant two or three hundred miles from its 
near neighbors. If these meteoroids supply the sun*s radiant 
energy a simple compuatation shows that the average shooting 
star ought to have a mass enormously greater than is obtained 
from the most prolific stone fall. 

Moreover, if these meteoroids are the source of the solar 
heat their direct effect upon the earth's heat by their impact 
upon our atmosphere ought also to be very great : whereas the 
November star-showers in some of which a month's supply of 
meteoroids was received in a few hours do not appear to have 
been followed by noticeable increase of heat in the air. 

[TO BE CONTINUEb.] 
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TELESCOPIC ILLUMINATION. 



ORMOND STONE.* 



For the Messenger. 

Miss Byrd, in her pleasing address on "Popular Fallacies 
about Observatories," says, " I raise no objection to poetry or 
velvet gowns, but until some one invents a way of lighting 
telescopic fields so that the observer is not obliged constantly 
to handle greasy lamps, the question is not open to discussion ; 
the bans between poetry and practical astronomy are posi- 
tively forbidden." And adds that " the modern observer is 
mindful of sulphuric acid and sperm oil and dons an old coat, 
or a shabby dress, as the case may be." 

In electricity a means»of illumination has been found which 
is practically all that could be desired. The reading circles of 
the great equatorial of the Leander McCormick Observatory 
have been illuminated by electricity from the beginning, al- 
though some difficulty was experienced at the very first in ob- 
taining a battery which would do the work properly and with 
little care. Edison incandescent lamps of one-candle power are 
-employed, run by a somewhat superior form of the ordinary 
bichromate battery, known as the Orne Motor Battery. 

Since the time required to make a single reading of either 
circle is short, the intervening time is ample to allow the bat- 
tery to recuperate and the illumination is practically constant. 
In making observations of double stars, however, this form of 
battery runs down so quickly as to be practically useless. After 
some experimenting it was found that a single candle-power 
lamp run by two Edco-batteries gave results in every way sat- 
isfactory. The Orne battery has small circular cups, while the 
Edco ceils are large, each battery being supplied with two 
cells, each cell having a 6X8 inch carbon plate and two zinc 
plates of the same size. 

When the Edco is first put in order, a single battery of two 
cells arranged for intensity is ample. After the electro-motive 
foice has diminished, the "quantity" is increased by the addi- 
tion of the other battery. The directions are that the porous 

* Director of the Leander McCormick Obaervatory, University of Virginia. 
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cups be replenished each day ; this, however, is not done in« 
practice ; in fact, no care is taken of the batteries further than 
to lift the plates out of the fluid when the night's work is done. 
At the end of a couple of months, a short time is spent in 
cleaning and repl9nishing the cells. When in use, the cover 
should never be allowed to rest on the cell, but should be sep- 
arated from it. This can be done by laying a small pine strip 
between the cover and the cell. If the air is excluded there is 
danger of burning the plates. 

The opening of a carboy of acid is so dangerous a process 
that if the acid be purchased in quantity it is better to do so 
through a neighboring druggist and let him open the carboy. 

An old suit of clothes should be worn when cleaning the 
batteries or mixing the fluids. The cleaning of the batteries 
occurs, however, so seldom as to be really a very trifling mat- 
ter. The Orne battery requires about the same care, but is 
fed by the refuse fluid from the Edco. Five or six Orne cells 
are usually employed, arranged for intensity. 

The same' battery is used for both reading circles, being 
turned on to either circle by a button switch conveniently 
located near the eye-end of the telescope tube. The Edco 
battery also runs two lamps, one being used at a time. The 
switch for these lamps is placed at the rear of the observing 
chair. One of the lamps is used for illuminating the microm- 
eter wires, the other the observer can carry in his hand, and 
with it reads the position circle of the micrometer, and makes 
his record in his observing book ; in short, uses it for any pur- 
pose he may desire. 

A large cork is so cut that the lamp nestles in one end, and 
is thus protected from breaking. The wires run through, but 
are fastened to the cork, so that any pull on the wires does 
not produce a pull on the lamps themselves. This is impor- 
tant, as the connections to such small lamps are necessarily so 
delicate as to be easily broken. The cork fits into a tube at 
one end of the micrometer box, or may be used as a handle 
for carrying in the hand. These lamps are used all night 
without sensible diminution of intensity. Oil lamps are wholly^ 
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discarded, and the astronomer's work at night is as cleanly as 
kis office work in the day. 

In observing the Nebula of Orion, one of the lamps hangs 
by its wires from the eye-end of the telescope, at a convenient 
height for reading the observing book, the cork acting as a 
shade. The room is thus kept dark, except at the instant the 
record is being made, and even then the eye is shaded. 

The unsteadiness of the ordinary lamps employed with the 
ZoUner photometer is one of the principal objections to its use. 
No such objection could exist if illumination by electricity 
were employed. 

The success of the experiment here has resulted in the use 
of electricity, at least for circle illumination, at West Point, 
Yale, and other observatories. At the Cape of Good Hope, as 
was afterwards learned, storage batteries had been previously 
employed, but it seems to me preferable to work from the bat- 
tery directly. Of course, where steam or other power is at 
hand, as at Princeton, a dynamo is naturally employed. 

THEMES IN FOREIGN ASTRONOMICAL JOURNALS. 

Astronomiscke Gesellscka/t, In the fourth part of this 
German publication for 1886 is found, among other valuable 
articles, a review by J. Luroth, of Professor Newcomb's article 
which was published in No. 4, Vol. VIII, of the American 
Journal of Mathematics^ and entitled A generalized theory of 
the combinations of observations so as to obtain the best results. 

The reviewer points out with care the differences between 
the theory suggested by Professor Newcomb and that com- 
monly known as the method of Least Squares, and gives the 
principal mathematical expressions of the new theory, and 
completes the review in the following language : 

** It is clear from the foregoing process, that good observa- 
tions enter into the result with less weight, and the bad with 
greater weight, than is the case in the common theory, though 
one does not know at all whether an observation with a small 
error may not accidentally belong to a group of bad observa- 
tions. 
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"Besides difficult computations which are necessarily per- 
formed by methods of approximation, it is a disadvantage to 
the foregoing theory that one knows neither the p [probability] 
nor the h [the modulus of precision] beforehand. Newcomb 
proposes, first of all, to seek the unknown quantity in the usual 
way, then to form the residuals for separate observations, and 
next by trial to ascertain what modulus of precision to employ 
and how many observations one must assign to each class in 
order that the actual distribution of the residuals may be 
nearly represented by the theory. What is arbitrary in this 
may not have any great influence on the result. On the other 
hand the result will not differ very much from that which the 
method of least squares gives, except in computation slightly, 
at least if one accepts (according to Bessel) that elementary 
errors have equal weights. But whether an empirical law of 
probability applied to residuals is an adequate expression of 
the probability of error, also in the case of different large ele- 
mentary errors, may not be certain, at least, according to Bes- 
sel's researches without something further. As one can not 
come at once without assumption to a rule of computation for 
the combination of observations, so might the arbitrary ac- 
ceptance of the theory of combinations with its simple deduc- 
tions always fulfill the purpose in a most elegant manner to 
give a possible process for the discretion of the individual 
computer." 

Ciel et Terre for December, 1886, contains a long article On 
the staying of the sun during the battle of Muhlberg^ by C. 
Lagrange. His summary is as follows : 

"I. The most recent account of a staying of the sun, that of 
the battle of Muhlberg, originated from an unusual state of 
the atmosphere and an extraordinary aspect of the sun. What 
eye-witnesses tell of this last is probable. No argument can 
be drawn from this recent tradition against the reality of the 
facts to which the more ancient traditions allude. 

"2. The tradition of a staying of the sun is found among a 
great number of peoples far removed from one another. 

" 3. The account of the simultaneous staying of the sun and 
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— ^ ■ -Hill - -^ 

the moon by Joshua ought for historic reasons to be regarded 
as concerning a real fact, which he places on the morning of 
the battle of Gideon and not the evening. That staying ap- 
pears to be connected, in the narrative, with a retardation of 
the course of the sun. The durations are not fixed with pre- 
cision. 

"I have mentioned, in passing, the hypotheses compatible 
with the actual ideas of science which might serve to explain 
such a fact,- in its immediate causes, either as a local phenome- 
non, or as a phenomenon embracing the whole surface of the 
earth." 

Notice, in conclusion, a striking example of the reserve is to 
be imposed upon too absolute conclusions as to the facts which 
we refuse to admit because they go beyond the habitual order 
of our knowledge or common experience. We know that 
in the verses of the tenth chapter of Joshua that precede the 
account of the staying of the sun, there is mention of a shower 
of stones which destroyed in part the army of the Canaanit- 
ish kings. Voltaire, in his criticism of the Bible, treats as 
they merit (to him) that shower of stones and that staying of 
the sun. Less than fifty years afterwards the Academy of 
Sciences established the possibility of the fact reported in 
verse ii; how will it be with the fact mentioned in verses 12 
and 13 } 

NOTE ON THE ORIGIN OF COMETS. 



DANIEL KIRKWOOD. 



Have comets originated in the solar system, or do they en- 
ter it from without ? This question has been considered by 
Laplace, Proctor, H. A. Newton, and others. The last named 
presents arguments of no little weight in favor of their origiti 
in inter-stellar space. To these arguments I shall attempt no 
reply. On the contraty, I' have been disposed to accept them 
as, in the main, valid. For certain comets of short period^ 
however, various facts seem to indicate an origin within the 
system. 
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(i.) According to M. Lehmann-Filh6s the eccentricity of 
the third comet of 1884, before its last close approach to 
Jupiter, was only 0'2787.* This is exceeded by that of twelve 
known minor planets. Its period before this great perturba- 
tion was about 3619 days, and its mean distance 4*61 1. It was 
then an ast.eroid, too remote to be seen, even in perihelion. 
Its period was very nearly commensurable with that of Jupiter ; 
six of the one being very nearly equal to five of the other. 
According to Hind and Krueger the great transformation of 
its orbit by Jupiter's influence occurred in May, 1875. Its 
present period is about 6>^ years. It was discovered by M. 
Wolf at Heidelberg, September 17, 1884. Its history indicates 
an origin in the zone of asteroids. 

(2.) The second comet of i86y, — This body was discovered 
by M. Tempel on the third of April. Its perihelion distance is 
2*073 ; its aphelion 4*8973 ; so that its entire path, like those 
of the asteroids, is included between the orbits of Mars and 
Jupiter. The eccentricity of this comet at its successive re- 
turns has been as follows : 

Date of Return. Eccentricity. 
1867 .... 0*5092 

1873 . . . . 0-4625 

1879 .... 0*4624 

1885 .... 0*4051 

The last is nearly identical with the eccentricity of iEthra, 
the I32d asteroid (0.38). The period, inclination, and longi- 
tude of the ascending node are approximately the same with 
those of Sylvia, the 87th minor planet. 

This comet may be regarded as an asteroid whose elements 
have been considerably modified by perturbation. 

Other comets furnish suggestfve facts which bear upon the 
same question ; but their discussion must await the develop- 
ment of additional data. — Am, Journal of Sc, and Arts, 

R. R. Beard, Vice-President of National Bank, Pella, la., has 
a 6X-inch Clark glass and is interesting himself in solar 
studies. 

*Annuaire, 1886. 
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Although not long, it is regretted that want of space makes 
tt necessary to divide Professor Newton's very instructive ad- 
dress on meteorites, meteors and shooting stars. 

The authorities of the Northwestern University at Evans- 
ton, 111., have decided to build an astronomical observatory. 
The financial interest back of the enterprise -is promising. 
-Chicago must look out for its laurels. 



Miss Mary E. Byrd*s address at the laying of the corner 
-stone of the new astronomical observatory of Carleton Col- 
lege, October 2, 1886, entitled, " Popular Fallacies about Ob- 
servatories," has received general and very favorable notice at 
home and abroad. It was reprinted in full in the Observatory^ 
and the following are the words of a Fellow of the Royal As- 
tronomical Society, as taken from the English Mechanic : 

** The mention of the Observatory suggests to me to recom- 
tnend the perusal, in the current number of that serial, of a 
report of an address delivered at the laying of the corner stone 
-of the new astronomical observatory at Carleton College, 
Northfield, U. S., by Miss Mary E. Byrd, the . assistant in 
mathematics and astronomy. I would especially advise all 
those to read it who picture to themselves astronomers lying 
luxuriously on their backs, on handsomely upholstered sofas 
•of the last degree of mechanical refinement and ingenuity, 
and gazing on lunar details, the wonders of the Saturnian sys- 
tem, or the clusters in Perseus, Cygnus and Lyra in a warm, 
comfortable and convenient apartment. A better or more 
truthful description of the mere * grind ' of ordinary observa- 
tory work it will be difficult to find anywhere." 



Z7. 5. Naval Observatory, — The report of the superinten- 
<lent, Allan D. Brown, for the year ending June 30, 1886, has 
been received. In it we notice that the 26-inch refractor has 
been used in observing the faint satellites of the outer planets 
and difficult double stars, and that *' observations of stellar 
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parallax have also been made." How Professor Hall made 
** observations of stellar parallax," we can not imagine. Of 
course he was successful, and therefore Supt. Brown ought to- 
direct the great Washington equatorial at once to the observa- 
tion of the solar parallax and speedily have done with that 
knotty little puzzle that has been in the way of everybody 
since the times of Tycho. 

As usual, the reductions of the meridian circle observations 
are three years behind. The observatory has suffered for years 
in this way because it has not been supplied with a sufficient 
computing force to do the work. Without additional help,, 
the proposed Transit Circle Catalogue, which is also greatly 
needed, will be a thing of the distant future. 

In Professor Harkness' report of the work of the Transit-of- 
Venus Commission, made to the superintendent last October^ 
it is stated that the computations for deducing the position 
angle and distance of Venus relatively to the sun*s center^ 
from the measures of the photographs of eleven different sta- 
tions, had all been revised and checked. The work has since 
been advancing and is now near completion, if we are rightly 
informed. 

Lalande 421^* — R. A. 2A iom\ Decl. — 18° 45' (1890); Mag- 
nitudes 8.0 — 8.8. This double star was observed here in 1886^ 
and upon reduction was found to differ widely in P. A. from 
Prof. Hairs measures in 1879. Upon searching I could find no- 
other observations until Prof. Hall kindly sent me some un- 
published ones he had made in 1885. The measures are as 
follows : 

Time. P. A. ^ 

1879.92 3 1 1.8 2.22 

1885.04 333.4 2.29 

1886.84 336.8 2.12 

So rapid a change in P. A. led to the suspicion that the mo- 
tion was due to proper motion of the principal star. By re- 
quest. Dr. Wilson collected the observations of position and 



No. of Obs. 


Observer. 


2 


H. 


3 


H. 


2 


L. 



* Mr. Burnbam tells me this star was discovered to be double by Dr. Hastings. 
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found that a proper motion of — 0.0025 in a and — 0.24" in ^ 
made the observations which extended over a period of about 
eighty years, agree pretty well. 

Upon applying this motion to Prof. Hall's first observation 
in order to reduce it to the time of the other two, the P. A. 
was found to be 333° and the A 3.3". The difference in J i.i"" 
thus found is too great to be accounted for by errors of obser- 
vation; so unless the companion has proper motion, or there is 
some considerable error in the value of the proper motion in 
^y the motion must be binary in its nature. 

A relative proper motion a — o.ogSj, ^ — 0.08" will satisfy the 
measures approximately. F. P. Leavenworth. 

Leander McCormick Observatory, Dec. 28, 1886. 

YarnalVs Catalogue. — We notice from the last report of the 
superintendent of the Naval Observatory, that Professor Frisby 
is charged with the duty of preparing a third edition of Yar- 
nail's Catalogue. This revision will involve very considerable 
labor, and go forward mainly in the following manner : The 
lists of errors published from time to time by different astron- 
omers have been carefully analyzed by reference to the annual 
volumes in which the observations are printed. If necessary,, 
recourse is then had to the original record in the observing- 
books, extending over a period of more than thirty years ; in 
some cases it has been necessary to refer to the chronograph 
sheets. If any errors are found the observations are reduced 
de novo; if no errors are found the stars are examined with 
the 9.6-inch equatorial and compared with those in well-known 
catalogues. Every catalogue in the library has been exam- 
ined for names of stlirs noted as anonymous by Yarnall. Up 
to the present time a large number of errors have been discov- 
ered, many of which are, however, of but slight importance- 
It is hoped to have the revision con\pleted during the next 
year (1887). 

The Dearborn Observatory. — We learn from a circular issued 
by Professor E. Colbert, Jan. 8, that the Dearborn Observa- 
tory, which is the property of the Chicago Astronomical So- 
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-ciety, is situated on ground leased to it by the now extinct 
University of Chicago. The Society is at present a mere ten- 
ant at will, and may be asked to vacate any time on sixty 
<lays' notice. It is, however, in receipt of an oflTer to transfer 
its telescopes, library and other property to an institution of 
learning outside of Chicago. To retain this noble observatory 
the city will need to act promptly. Some influential members 
of the Society are leading in appropriate endeavor to change 
Its site in the city and remount its instruments. It would be 
the great and sad mistake of the greatest inland city of this 
continent to allow its chief scientific attraction to be banished 
in poverty. 

Motion of the Lunar Apsides, — A few words explanatory 
-and the accompanying figure may increase the student's inter- 
*est in the leading article of this number. 

Moon's Orbit. 

If ^£5=45° 
j5£^=iS8i"633 

C£^=402"857 

syn 
Swm.CEAVs -^=2i44"934 

Average ** Variation " = 
2144^^934. sin 2ze/, 

EC being the true radius vec- 
tor for mean angle AES, 




TOTHESUN, 



In a private letter Mr. Colbert says : 

" The fact that the lunar orbit is compressed in the direction 
of the line joining the earth and sun, instead of the contrary, 
has been noted by several of the men who compile text-books 
on astronomy, but I do not know of one that helps the reader 
to a precise comprehension of this very interesting phenome- 
non of motion under the influence of attraction — doubly inter- 
esting because it is paradoxical in the ordinary sense of the 
word, and apparently so in the proper acceptation of the term. 
Doubtless you have noticed that the 2145" (nearly) given on 
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page 55 is the co-efficient of a perturbation in longitude, but is 
derived from that of the radius vector. The latter corres- 
ponds to a value of 26.25" cos 2 w. For + values of cos w it 
is less, and for — values greater, by a little less than i" cos w. 
Those who may wish to compare these results with those used 
•by Hansen in his tables for longitude and table XVI for par- 
:allax, or the modified values given by Newcomb, will do well 
to note that their g — g'+i'iv — zu') is the same quantity that I 
liave denoted by w; being the mean longitude of ^the moon 
minus that of the sun." 

In this connection we call attention to a misprint on page 
55, line eighteen, cos^ r should be cos^ lat. The quantity re- 
ferred to is that given in line four of page 54, used with the 
semi-parameter as a divisor. 



TAe Smithsonian review of astronomy for 1886 is to be pre- 
pared by Mr. W. C. Winlock of the Naval Observatory, Wash- 
ington, Professor Holden being unable to continue the review 
on account of pressing official duties. Mr. Winlock would be 
glad to obtain from amateur astronomers a brief account of 
any work undertaken or completed during the year, — with a 
description of observatories and instruments — for insertion in 
the report. 

Dr, Swift's Fifth Catalogue of New Nebulce, — Several of 
the nebulae in "Catalogue No. 5 of Nebulae discovered at the 
Warner Observatory," Astronomische Nachrichten, No. 2y6jy 
have previously been published in other places. A list of these 
is given below ; the first column contains the number as given 
in the Nachrichten^ the third column the previous place of 
publication, and the fifth column the name of the discoverer. 
Only as much of the description is given as appears interesting 
for comparison. Herschel's abbreviations are used ; in the 
descriptions of nebulae discovered at this observatory numeri- 
cal magnitudes are used to indicate brightness, a nebula of 
about the sixteenth magnitude being the faintest visible with 
the 66 in. refractor ; in these descriptions also the sizes are 
given in minutes of arc. In some cases the identity is doubt- 
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ful either on account of lack of agreement between the places 
or the descriptions ; in these cases, however, had two nebulae 
existed some note would probably have been made of the fact. 
In the case of No. 57^although the descriptions do not agree 
an unpublished sketch shows the equilateral triangle mentioned 
in the description. The description and place of the nebula 
near No. 54 has not been published previous to this. 



1 


PB 


G. C. 5092 


vF Secchi, 


13 


eF pL 


A. N. 2502, No. 14 


eeF, vS, r Stephan. 


18 


o, lA 53.1m; ^,-0° 2.8' 


A. N. 2746, No. 208 


o, \h 52.8W, ,5, —0° 1.4', 

No. 18? Swift.. 


21 


eeeF, pL 


A. J. 146, No. 49 


15.5 eS Stone^ 


28 


o,2A20.3w, ^,—00 51.1' 


G. C. 5236: A. N. 2212, No. 9 


a, 2A 20.2m; (J, —0° 53.9,' 

No. 28? Tempel^ 


SO 


eeF, pS 


G. C. 5262 


eeF Stephan^ 


81 


eeeF, vS 


G. C. 5263 


fainter than G. C. 5262, 

vS Stephan^ 


33 


eeeF, eee difl 


A. J. 146, No. 61 


15.0, neb? Stone^ 


49 


F, iR, 1st of 2 


A. J. 146, No. 94 


14.0, E 60O, Btell N,l8t of 3 Stone, 






A. J. 146, No. 95 


15.5, dif, 2nd of 3 Stone. 


50 


eF, vS, 2nd of 2 


A. J. 146, No. 96 


14.5, stell, 3rd of 3 Stone. 


54 


vF 


Royal Ast. 8oc. Vol. 44 


not vF Burnham. 






McCormlck Obe. 


15.0, 0.4', P. A. 70°, 

J 2.4' with No. 54 Mailer, 


56 


eF, pS, R 


A. J. 146, No. 113 


16.0, 0.8,' Btell N » P. A. 310°, ^ 






A. J. 146, No. 114 


16.0, 0.8, stell N f 0.4', No. 56? 



[Stone. 

57 R, equilateral triangle 28t A. J. 146, No. 116 pE 45°, Leavenworth. 

69 vF A. J. 146, No. 122 14.0 Stone. 

66 F, pS, eE A.J. 146, No. 141 12.0, vS, spMN ) P. A. 110°, ^ 

A. J. 146, N o. 142 12.0, vS J 10" Leavenw'th.- 

Leander McCormick Observatory, Jan. 12, 1887. 

^ FRANK MULLER. 

Tke Swift-Watson Intra-Mercurial Observations, — I have 
been much interested in the perusal of Professor Young's able 
paper in the Messenger for January, but think it a duty to 
record my dissent from his conclusion that the two objects 
seen by Swift, during the solar eclipse of July, 1878, were *' cer- 
tainly not the two seen by Watson." I do not wish to be un- 
derstood as considering " the observation important ** or 
otherwise ; but think it is about time that the matter were set 
right. I presume it will be remembered that I was the 
chief of the party of which Swift was a member on the occa- 
sion referred to, and therefore ought to be able to speak with 
some authority in regard to it. 
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The fact is that Swift had no appliances to his telescope for 
measuring position or angular distance ; and made the unfortu- 
nate mistake of trying to locate the objects which he saw (or 
believed he saw) with a precision not warranted by the circum- 
stances of the case. He was all right at the time of the eclipse, 
but did wrong in trying to make his observation agree with that 
of Watson. His first idea was that he saw a fixed star, and an 
intra-mercurial planet near it. On a star chart which I had 
prepared previous to the eclipse he marked down the position 
of the supposed stranger as being near a small star that was 
much farther away from the sun than was Theta Cancri, Only 
after 1 had called his attention to the fact that the star selected 
by him could not possibly have been seen through his telescope 
at the time, and that it must have been Theta, if any, that was 
seen near his intra-mercurial planet, did he arrive at the con- 
clusion that Theta was probably one of the objects seen by 
hira. His subsequent statements of position, and efforts to 
make his observation agree with that of Watson, were, as I 
think, unwarrantable. 

I can, and do hereby testify, that Swift announced his sup- 
posed discovery before the news of Watson's observations 
reached me. I can also testify that no importance ought to 
be attached to his statements of position, beyond the fact that 
his objects were some distance to the right and below the 
place of the sun. Professor Hough, who was also a member 
of the party, endorses this statement of the case. I may add 
that I laid the facts of the matter before Watson the following 
winter, and discussed it with him at some length verbally. I 
have reason to believe that Watson would have made a full 
statement of the case in print but for his untimely death. 

Permit me to add that I think Young ought to have men- 
tioned Hough's work in his notice of Jupiter. E. COLBERT. 



New Variable in Orion. — Gore's new star in Orion passed 
its maximum about Dec. 8. It appears to be diminishing in 
brightness more slowly than last year. 

New York, Jan. 13, 1887. HENRY M. PARKHURST, 
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Lick Observatory, — A late California paper states that Presi- 
dent Holden has contracted with Fauth & Company, Wash- 
ington, D. C, for a micrometer for the 36-lnch equatorial, and 
with Brashear & Company, Pittsburgh, Pa., for a spectroscope 
which shall be the most powerful yet made ; both instruments 
to be completed by June i. The great lenses are now in the ob- 
servatory at Mt. Hamilton, and Waf ner & Swasey, Cleveland,.. 
Ohio, have work on the mounting of the telescope well under 
way, and it is expected that the transfer of the observatory, 
its instruments and funds, from the Lick trustees so-called, to 
the University of California, will take place in July next. The 
bequest of $700,cxx), made eleven years ago, has been ex- 
pended in equipping the observatory so far, except $190,000 
which is to be set apart for current expenses. It is thought 
that this amount will yield an annual income of $10,000 for 
this purpose. 

President Holden is reported to say that the observing force^ 
at first, will consist of two astronomers besides himself. The 
persons that he will nominate to the Board of Regents are- 
S. W. Burnham of Chicago, and J. E. Keeler, formerly of Alle- 
gheny Observatory and now at Mt. Hamilton. The choice of 
Mr. Burnham is eminently wise. His work with the microme- 
ter is unsurpassed and duly recognized everywhere. There- 
vision of his double star catalogue will soon be possible if this 
programme is carried out. Mr. Keeler is a graduate of Johns 
Hopkins and Berlin Universities, and for some time past has 
been assistant to Professor Langley. He is already a specialist 
of reputation in astronomical physics and is devoting himself 
to the spectroscope. We notice also that President Holden 
has been invited by the Minister of France, resident at Wash- 
ington, to be present in Paris, April 16, 1887, to attend a con- 
vention of leading astronomers of the world to discuss the 
best methods of using photography in astronomical work. 



Brooks' Comet No. 3, of 1886, (discovered May 22, 1886,) 
proves to be an interesting object, moving in an elliptical 
orbit of short period. Soon after discovery Dr. Oppenheim of 
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Berlin computed its elements and gav« it a pdriod of about 
nine years. Now Hind, on more complete data, finds that it 
is moving in an elliptical orbit, with the short period of six 
years and three months. 

Lick Telescope Object-Glass, — Aseleswhere stated, the lenses 
for the great equatorial of the Lick Observatory have been 
shipped from Cambribgeport, Mass. by express to San Jose^ 
California; thence they were taken to the Observatory building 
on Mt. Hamilton. The manner in which they were cased at 
the shops of the Clarks in Cambridgeport for this long journey 
may interest some of our readers. 

They were wrapped separately in fifteen or twenty thick- 
nesses of soft, clean, cotton cloth. Next came a thick layer of 
cotton and then a layer of paper. The glasses were then put 
into boxes of wood and lined with felt. No nails were used 
near the glasses, and the boxes were made the shape of the 
glasses. The boxes were inclosed in two others of steel, each 
about the shape of a cube, being packed tightly with curled 
hair. Each steel box was inclosed in another steel box, the 
inner sides of which were covered with spiral springs. Both 
steel boxes were made air tight and water proof, and the outer 
chests packed with asbestos to render them fire-proof. Each 
was then suspended by pivots in strong wooden frames, with 
contrivances for turning each chest one quarter around every 
day during the journey to California. This is to prevent any 
molecular disarrangement in the glasses and to avoid the 
danger of polarization, it being feared that the jarring of the 
train would disturb the present arrangements of the molecules 
unless the position of the glass should be changed and all lines 
of disturbance thus broken up. 



C.H.RockwelVs Almucantar sustains its good record in lati- 
tude work admirably. Recently he says : " For July 24, 1 had 
eight pairs of stars. Five of these gave a correction of less 
than one-tenth of a second to my assumed latitude, 41^ 04^" 
13.72". The other three pairs gave corrections less than two- 
tenths of a second. The largest was 0.192''; the smallest, 0.00 1''.. 
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Sun Spots. — From my observing book I make the annexed 
showing of sun spots for 1886, which may interest some of the 
readers of the Sidereal Messenger. 
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From the 30th of October to the i6th of November the sun 
was more free from spots for a longer continuous period than 
has occurred since 1879. G. G. 



THE PLANETS. 



Mercury will be near the sun Feb. i, and far to the south. 

Venus is an evening planet and Feb i sets 6h i6tn. 

Mars is near the sun and in the remote part of his orbit, 
and consequently of little interest to observers at present. 

yupiter rises Feb. i, 14 minutes after midnight, and is in 
conjunction with the moon Feb. 13 at 7 o'clock A. M. 

Saturn is an evening planet and rises at 2^ 51m p.m. on the 
Sth day of the month. It is more than 22° north declination. 

Uranus rises at 10 o'clock and 14 minutes in the evening 
Feb. I. 

Neptune rises 21 minutes before midnight on same date be- 
fore mentioned. The above figures give the approximate 
places for the purpose of identifying objects only. 

Ten Years^ Progress in Astronomy. — Professor Young notices 
■some errors in his paper in our last issue. On page 35, date of 
photography at Cambridge, by slip of pen, was written 1861; 
it should have been 185 1. The others following he justly charges 
to our proof-reader. Absence of the editor during part of the 
printing, is the explanation. He says : 

"Let me congratulate you on /'wj/yci'^'if proof-reading. But 
you are not perfect yet. I notice, 

"On page 31, about middle of page, ' acceleratio?*.' 

"On page 37, about middle of page, Dober^ck for Doberck. 

" On page 39, near top, Crossly for Crosstey. 

" On page 44, near bottom, Michaelson for Michelson (twice). 

" On page 47, near top, ' geographical.' 

" On page 47, near middle, ' Iraunhofers ' I 

"On page 48, two-thirds down, Execter for Exeter." 
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OPTICAL APPEARANCES OF COMETS. 



S. V. CLEVENGER. 
For the Messenger. 

The olden, though still current, conjectures of astronomers 
regarding the causes of cometary and meteoric phenomena, in 
their intricacy, are paralleled by the Ptolemaic explanations of. 
planetary movements. 

Having recently looked over some notes which I made about 
iSfteen years ago, additional consideration enables me to sub- 
mit a view which seems to reconcile the apparent discordances 
and bring the astonishing metamorphoses of these " visitants 
from the star-depths" into accord with simple optical laws 
and reduce their anomalies to ordinary astronomical explana- 
tions. 

Comets are aggregations^ usually spherical or spheroidal^ of 
relatively tenuous and variable densities y and their nuclei and 
tails are optical appearances only. 

The substances composing comets may be heterogeneous or 
homogeneous ; one may consist of dense solids such as me- 
teoric iron particles of various sizes, with liquids and gases, 
and another contain gases alone ; but the entire body, of 
whatsoever composed, must be globular or approximately so. 
Granting these premises the first or telescopic globular ap- 
pearance of a comet is the real one, because at great distances 
a nebular mass would appear compact, ** luminous mists with- 
out trains, sometimes without central condensation." 
The coma of the telescopic or just visible comet includes 
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the entire body, and the subsequent appearances are due to^ 
the light reflected, in varying ways, as the mass approaches^ 
the sun and earth. 

The nucleus or most luminous part is usually absent in tele- 
scopic comets ancj is no less transparent than the coma, for 
Herschel II saw i6 and 17 mag. stars through that of Biela in 
i?32, and Miss Mitchell records a central transit in 1847 over 
a 5 mag. star "which shone through it unchanged." This nu- 
cleus lies as Arago pointed out toward the margin of the coma 
nearest the sun. I consider this apparition to be due to. the 
simple reflection of light from the convex surface of the coma, 
the circular, oval or radiated nuclei caused by surface or den- 
sity variations in the cometary aggregation and by the sun*s 
position. 

The coma irregularity, as it nears the sun and the observi^r,^ 
is owing to the nearer view of the cloudy mass causing such 
portions to disappear as are not reflecting light to the observer, 
and the still nearer advance of the cometary globe by ap- 
parent dispersion of the nearest particles compared with the 
relative compactness of the farthest particles, change the re- 
flection from those afforded by a convex to such as are char- 
acteristic of a concave surface. As th^ mass approaches the 
observer the nearest molecules or small solids are, relatively 
to him, more widely dispersed, while the farthest particles ^re 
relatively close, causing the globe to act as a concave re- 
flector. In other words, f)erspective would aff'ord an apparently 
compact .reflecting surface, necessarily concavely cut by the 
range of Ji-ision in all directions; proximity to the near sur-* 
face relatively dispersing both substance and reflected light. 

In cases where the dispersion of light was incomplete the 
coma shape of the comet of 1862 would be afforded ; the nu- 
cleus and the tail projected from the bottom of a cup-shaped 
luminous cloud. When the concave reflecting surface is thus 
presented the nucleus is merely the focused rays from such 
surface and the luminous tail is the illuminated paths of such 
rays, the principal axis being in the line of the radius vector^ 
secondarily subjected to distortion through heterogeneity ini 



OPTICAL APPEARANCES OF COMETS. ^> 

density or reflecting surface of the coma (used in the sense 6f 
body instead of head). 

The records heretofore made of comets may not admit of 
their elements being calculated upon this new hypothesis, but 
with future apparitions of the kind the following may serve as 
working suggestions : 

Obliquity of the incident ray would increase the nucleus and 
tail sizes and their Ught. 

The nature of the nebular globe penetrated by the sunlight 
would modify the comet appearance. 

Extreme distance would cause the coma to appear as an 
opaque body through regular and irregular reflection. 

CcBteris paribus^ double the tail length would be the radius 
of the concave reflecting surface, remembering that this cur- 
vature ^is not that of the entire sphere of the coma, but an ap- 
parent concavity made in that sphere by the line of visiort 
with a radius much greater than that of the cloudy globe, 
hence the tail may describe, at times, nealrly the diameter of 
the entire gaseous globe. 

If, through relativity of apparent sun and coma sizes, the 
sun rays are not paralliel, but diverge upon the coma concave, 
then' the nucleus and tail behind it will be longer than one- 
half the reflecting convexity radius. And as the sphere ap- 
proaches the sun a greater elongation would occur because the 
rays are concentrated in conjugate foci in advance of the prin- 
cipal focus. 

If the sun occupied the apparent principal focus, the extinc- 
tion of the nucleus and tail would follow. Sudden disappear- 
ances have occurred, and the failure of Biela's comet may be 
owing to solar malposition for the production of the conical 
reflection. 

Were it possible for the sun to occupy a point between the 
principal focus and apparent concave surface then the virtual 
focusing would turn the tail toward the sun. With density 
and distance suitable the convexity of the cloud would afford 
a virtual image with similar relations, but both of these sup- 
positions are questionable, and where a tail proceeded toward 
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the sun the usual one from the sun existed as a rule/ and sec- 
ondary optical causes must be sought for. 

The reflections producing the nucleus and tail indicate that 
the spherical aperture is usually limited to a few degrees, but 
in instances where a larger than lO® or 15° aperture existed 
spherical aberration by reflection would produce multiple 
effects such as the ** beaded head " or caustic outlines. 

Causticity produces many brilliant appearances resembling 
cometic illustrations. The reflections inside an ordinary china 
bowl or tea-cup from a lamp light, strikingly picture many of 
the shapes of Comet III 1862, and the complex light streams 
of 1861, July 2, drawn by Brodie, also the changing aspects in 
. June and July of Comet III i860. 

Planetary proximity could alter the apparent densities of 
parts by real changes in the coma shape, con^parable to tidal 
^ bulgings, and this distortion of the reflecting surface could 
produce apparent division of the comet such as Biela's under- 
went. Exchange in brilliancy between the two parts is un- 
doubtedly reflection and not an illumination inherently derived. 

Re-reflection from relatively plane surfaces could also in- 
duce multiple images and the gaseous globe could sustain re- 
lations with the sun and earth rendering such image multipli- 
cation possible. 

Aberration of light would explain the tail bending, for rays 
emanating from the concave surface could not be seen at the 
same instant as those which had passed to the focused nucleus, 
«^nd as the entire coma has a proper motion in space the ap- 
parition would be that of a bent cone ordinarily, unless the 
^ coma were advancing toward the observer and the sun. 
: The perihelion distance of 1843 I» w^s calculated at half a 
million miles. Secchi and others remarked the astounding ac- 
celeration of its passage in this part of its orbit. In two hours 
the head passed the sun and in one day it described 292° of its 
orbit, which if elliptical left but 68*^ undescribed to its next 
return. This is best explained by the supposition that with 
the disappearance of the focused rays behind the sun, the slow 
passage of the immense coma afforded quickly a new concave 
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surface for reflection. It is quite probable that a comet may 
thus appear upon each side of the sun, reflected from the same' 
gaseous sphere. 

Irradiation certainly augments the coma appearance. High 
powers often dissolve away apparent solidities. Comets notori- 
ously are best observed through lowest powers, and the tail 
still better by the unassisted eye. 

Prof. A. W. Wright ^Sillimati s Journal, Vol. VIII, p. 156)' 
deduces from polarization observations that the cometic light 
is largely due to reflection from the sun. Tyndall fully dem- 
onstrated the reflecting powers of diaphanous gases, while 
Webb afiirms that "polarization experiments concur with 
spectrum analysis in showing that tails as well as comae shine 
by reflected light," and that coruscations are due to teluric at- 
mospheric conditions. 

Interference of light can be advantageously studied with 
reference to subsidiary appearances, such as Donati's nucleus 
and streamers presented, and real or apparent density differ- 
ences in the comae would undoubtedly refer many peculiarities 
to refraction. In all the preceding estimations the apparition 
evidently does not occupy the entire field of the coma globe ; 
the earth or several planets may be surrounded by a portion 
of the cloudy agglomeration, and many facts lend color to this 
supposition. Hind remarked an auroral glare in the sky while 
the comet of 1861 was conspicuous in the north, and Chambers 
states that candles were lighted while the sun was still shin- 
ing, the comet appearing hazy in the darkness. Other unac- 
counted-for dark days are historically noted, and the passage 
of a tenuous mass, such as a coma, would explain such circum- 
stances, even though no comet had been observed at the time.^ 
If, as Keplar stated, "comets are as thick in the heavens as 
fishes in the ocean," and 4,000 of them appearing during the 
Christian era seem to justify the remark ; we may consider 
that but a small number have been seen of those which really 
exist. 

Bessel, D* Arrest, Hevelius and Herschel confess to having 
often mistaken nebulae and comets, one for the other. The 
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assumption of inter-planetary comae really constituting com- 
ets, in this connection, may well suggest the strong probability 
of inter-stellar nebulae being of the same nature. Of course 
the resolvable clusters are out of the question, but the remain- 
ing gaseous, and even some associated with a few stars, seem 
to answer the conditions needed to place them in the list of 
cometary masses. Hind described in Taurus a new nebula in 
1852, which D'Arrest in 1861 found had vanished, but later it 
was re-discovered in the same year. 

. That there is some connection between the variable nebulae 
and the stars, with which they are associated, there can be no 
-doubt, and this connection we may safely affirm to be akin to 
what exists between our sun and comae. Hind suggests that 
the nebula can shine by light reflected from a star. The neb- 
ula in Argo observed by Herschel underwent similar vicissi- 
tudes. Huggins speculates upon the " motions of some of the 
nebulae toward or from the earth," in Proceedings of the Royal 
Society, March, 1874. Some, he conjectures, approach with a 
velocity of 35 miles per second and have a motion in rotation 
and internal translation of portions. We may well question 
whether the appearance of nebulae is even approximately real, 
for all parts of such thin clouds may not be equally lighted. 

Proctor questions ** whether any meteor system exists with- 
out a cometic nucleus and whether any comet exists without a 
meteoric train," as the only meteor systems whose paths have 
been recognized are found to travel in the orbits of known 
comets ("Essays," p. 143). But, he adds, "how can flights of 
solid bodies come to be associated with gaseous comets ?'* 
. Tempel's telescopic comet of 1866 accords in its orbit with 
that of the November meteors, as assigned by Dr. Oppolzer, 
^nd Newcomb estimates that 146,000 millions of meteoric 
bodies fall each year upon the earth, but Proctor suggests that 
these bodies appear luminous at 70 miles and vanish by vapor- 
ization at 50 miles. 

The main questions are, What is the connection between 
comets and meteors, and how do solid meteoric substances 

« 

come to be associated with gaseous meteors } 
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The condensation of cometic matter into meteorites and 
"their vast occlusion of hydrogen is the most rational supposi- 
tion, based upon the determinations of Graham with the 
Xei^arto meteorite. This condensation might occur at such 
parts of the coma as surrounded the earth in its passage 
^hrough it, the remainder of the cloudy globe continuing to be 
gaseous. Radiant points for meteoric displays thus consist of 
«uch meeting places of earth and comae ; the olden supposition 
of there being a zonal or circum-orbital envelope of meteorites, 
being thus rendered unnecessary. Repeated contacts with 
the earth or other planets would by loss of substance reduce 
nebulous masses, and account for the successive palings of re- 
turning comets and their entire disappearance. 



TIME.* 



J. G. PORTER.f 



Time is one of the most common and universal of all con- 
ceptions ; and yet when we begin to analyze this conception, 
how mysterious, how unfathomable does it become ! We say 
time is measured duration. When did this duration com- 
mence } Up the stream of time we gaze through the gener- 
ations of human life, past the landmarks of histor}^ back 
through unknown ages of geologic and astronomic time, up to 
that dim, mystic point, **In the beginning.** Amid the throes 
of creation's birth did time also spring into being? Was it 
then that its pulse first began to beat, and the fleeting seconds 
to multiply into minutes, the minutes to glide into hours, the 
hours into days and years, and the years to roll up into cen- 
turies and ages } If so, what was back of this birth-day of 
time } A void, incomprehensible, unthinkable ! A timeless 
blank, an unbounded, unfathomed ocean of nothingness ! 

We turn to look down this stream of time, but the mists of 
futurity gather darkly and it is soon lost to our view. If we 
cannot trace its source, neither can we track its onward course 
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nor discover the sea wherein its waters are finally lost. It is 
true that in the Book of Revelation we read of the angel who^ 
standing upon the sea and upon the earth, swears that there 
shall be time no longer. But the following verse seems to me 
to render the meaning of this declaration plain : **But in the 
days of the voice of the seventh angel when he shall begin t6 
sound, the mystery of God shall be finished as he hath declared 
to his servants the prophets." It is, then, the time of redemp- 
tion, the mediatorial dispensation which shall be ended and 
exist no longer, and not time itself abstractly considered. 

And here let me ask if it be possible when speaking of 
created beings to distinguish between time and eternity. Is 
eternity other than endless extension of time. -^ Finite intelli- 
gences are and must ever be limited in time as welj as in 
space. There is for them a past, a present and a future, as 
well as a 'here* and a * there.* As long, therefore, as created 
finite intelligencesexist there must be a succession of *nows' 
which constitutes duration, and there must be some measure 
for this succession which constitutes time. There is, in fact^ 
no true eternity except for the uncreated, self-existent God» 
Of Him it is said that He inhabiteth eternity : a thousand 
years are with Him as one day. As His presence fills alt 
space, so does it fill all time. Eternity past and future is ever 
present to Him. But even the highest created beings 
dwell in time and are subject to its never-ceasing flow. The 
archangel Gabriel we are told, when sent forth to minister un- 
to Daniel, was caused to fly quickly and touched him at the 
time of the evening oblation, thus showing that he was limited 
both by space and time, and could act only in one place at any 
given moment. Surely we can not hope, even when we cast 
off these weak and perishing bodies which so clog the spirit's 
flight, even when clothed with immortality we cannot hope to 
rise above the state of the archangels. We shall still be sub- 
jects of time. Its streams will not be lost in the ocean of eter- 
nity, but through all the ceasless eons of never-ending duration 
it will flow onward, still onward. Its measure may not be the 
same as now. Indeed, astronomy teaches us that the divisions 
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of time as we have them belong only to this earth. Trans- 
ferred to other members of the solar system we find different 
lengths of the day and year. Mercury's seasons run their 
course in less than three terrestrial months. Saturn's day is 
about ten hours, while his year is twenty-nine earth years. 
Upon slow-coursing Neptune Methuselah's life-time would 
have been but six years, and the whole pjriod of human his- 
tory would have occupied less than half a century. As we 
proceed upward in the order of celestial movements, the pe- 
riods swell and expand into absolute infinity. Even our solar 
system contains cycles which confound the imagination. The 
revolution of the earth's pole among the stars octupies twenty- 
five thousand years, and the oscillations of the planetary orbits 
range all the way up to two million years. Yet these are 
nothing compared with periods which we know must exist in 
the realm of the fixed stars, eras so far-reaching and grand 
that they have well been called "great clocks of eternity which 
beat ages as ours beat seconds." 

I do not here enter upon the question whether the universe 
in its present form is destined to be eternal, or whether in our 
future state we shall still have material surroundings. All I 
have sought to show is that as created intelligences we can 
never rise above the limitations of time, nor progress beyond 
it. However we measure it, it is still the same wonderful, im- 
palpable, yet grandly real mystery ! Can you grasp the con- 
ception ? Can you explain this mystery, forever here, yet 
constantly slipping away ? 

Sometimes I have stood before the clock in yonder observa- 
tory and watched the hands as they approached the hour of 
midnight. Steadily the seconds glide away : twelve o'clock 
strikes, and I slip from to-day into to-morrow — from yesterday 
into to-day. Where has the day gone ? Yea, where do these 
beating seconds go } So fleet- winged that ere we realize that 
they are here, they have flown, vanished into the dim past \ 
Do they travel onward forever through universal space, as 
some have fancied our words and actions do ? Might we by 
some magic overtake them and live them over again ? Vaiii 
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liope ! They are gone irretrievably. Only the present is ours. 
What we give to that present as it passes will indeed endure 
forever, but can never be altered or recalled. 

Have you ever thought of the difference in this respect be^ 
tween time and space ? We are limited by the latter as well 
as by the former: we can be in one place only at a time ; and 
if we speak of absolute space, perhaps we can never revisit the 
regions we are now passing through, unless the endowments 
of a future life enable us to track the devious course we are 
now pursuing ; for owing to the motion of the solar system, it 
<:omes to pass that even at the end of the year we do not ar- 
rive at the spot where we were twelve months before, but 
strike out into before untrodden realms of cosmic space. But 
practically, as far as place has any interest for us, we are free 
to come and go at will. We can revisit old scenes and ex- 
plore new ones, being only limited by the earth's extent. But 
^ith time how different ! Past seasons we can recall only in 
memory, future ones we can anticipate only through hope or 
imagination. So that time is a more evanescent and, perhaps 
we might say, ideal conception than space. Both conceptions 
ihave, when we come to analyze them closely, many elements 
of mystery. But time partakes pre-eminently of the marvel- 
ous. The fraction that is with us now we accept without 
thought, but this infinitesmal fraction is linked by indissoluble 
bands to an eternity past and to an eternity to come. These 
fugitive moments are golden, for though we shall never see 
them again, they are building up for us character and destiny 
which shall last forever. 



THE METEORITES, THE METEORS AND THE SHOOTING 

STARS. 



PROFESSOR H. A. NEWTON. 



(Continued from page 72.) 

Again the meteoroids do not cause the acceleration of the 
moon's mean motion. In various ways the meteors do shorten 
the month as measured by the day. By falling on the earth 
and on the moon they increase the masses of both, and so 
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make the moon move faster. They check the moon's motion 
and so bringing it nearer to the earth, shorten the month. They 
load the earth with matter which has no momentum of rota- 
tion, and so lengthen the day. The amount of matter that 
must fall upon the earth in order to produce in all these ways 
the observed acceleration of the moon's motion has been com- 
puted by Prof. Oppolzer. But his result would require for 
^ach meteoroid an enormous mass, one far too great to be ac- 
cepted as possible. 

Again, the supposed power of such small bodies, bodies so 
scattered as these are even in the densest streams, to break up 
the comets or other heavenly bodies, and also their power by 
intercepting the sun's rays to affect our weather must in the 
absence of direct proof to the contrary be regarded as insig- 
tiificant. 

So too their effect in producing geologic changes by adding 
to the earth's strata has without doubt been very much over- 
estimated. During a million of years, at the present rate of 
say fifteen millions of meteors per day, there comes into the 
air about one shooting star or meteor for each square foot of 
the earth's surface. 

To assume a sufficient abundance of meteors in ages past 
to accomplish any of these purposes is, to say the least, to 
reason from hypothetical and not from known causes. 

The same may be said of the suggestion that the mountains 
of the moon are due to the impact of meteorites. Enormously 
large meteoroids in ages past must be arbitrarily assumed, and, 
in addition, a very peculiar plastic condition of the lunar sub- 
stance in order that the impact of a meteoroid can make in 
the moon depressions ten, or fifty, or a hundred miles in 
diameter, surrounded by abrupt mountain walls two, and three, 
and four miles high, and yet the mountain walls not sink down 
again. 

The known visible meteors are not large enough nor num- 
erous enough to do the various kinds of work which I have 
named. May we not assume that an enormous number of ex- 
ceedingly small meteoroids are floating, in space, are falling 
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into the sun, are coming into the air, are swept up by the 
moon ? May we not assume that some of these various forms 
of work which cannot be done by meteoroids large enough for 
us to see them as they enter the air, are done by this finer im- 
palpable cosmic dust ? Yes, we may make such an assumption. 
There exist no doubt multitudes of these minute particles 
traveling in space. But science asks not only for a true cause 
but a sufficient cause. There must be enough of this matter 
to do the work assigned to it. At present, we have no evi- 
dence that the total existing quantity of such fine material is 
very large. It is to be hoped that through the collection and 
examination of meteoric dust we may soon learn something 
about the amount which our earth receives. Until that shall 
be learned we can reason only in general terms. So much 
matter coming into our atmosphere as these several hypo- 
theses require would without doubt make its presence known 
to us in the appearance of our sunset skies, and in a far great- 
er deposit of meteoric dust than has ever yet been proven. 

A meteoroid origin has been assigned to the light of the 
solar corona. It is not unreasonable to suppose that the 
amount of the meteoroid matter should increase toward the 
sun, and the illumination of such matter would be much 
greater as we approach the solar surface. But it is difficult ta 
explain upon such an hypothesis the radial structure, the rifts^ 
and the shape of the curved lines that are marked features of 
the corona. These seem to be inconsistent with any con- 
ceivable arrangement of meteoroids in the vicinity of the sun- 
If the meteoroids are arranged at random there should be a 
uniform shading away of light as we go from the sun. If the 
meteoroids are in st;-eams along cometary orbits, all lines 
bounding the light and shade in the coronal light should evi- 
dently be approximately projections of conic sections of which 
the sun*s centre is the focus. There are curved lines in abund- 
ance in the coronal light, but as figured by observers and in 
the photographs they seem to be entirely unlike any such pro- 
jections of conic sections. Only by a violent treatment of the 
observations can the curves be made to represent such pro- 
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jections. They look more as though they were due to forces 
at the'sun's surface than at his center. If those complicated 
lines have any meteoroid origin (which seems very unlikely) 
they suggest rather the phenomena of comets' tails than me- 
teoroid streams or sporadic meteors. 

The hypothesis that the long rays of light which sometimes 
have been seen to extend several degrees from the sun at the 
time of the solar eclipse are meteor streams seen edgewise 
seems possibly true, but not at all probable. 

The observed life of the meteor is oply a second, or at most 
a few seconds, except when a large one sends down stones to 
remain with us. What can we learn about its history and 
origin } 

Near the beginning of this century, when small meteors 
were looked on as some form of electricity, the meteorites 
were very generally regarded as having been thrown out from 
the lunar volcanoes. But as the conviction gained place that 
the meteorites moved not about the earth, but about the sun, 
it was seen that the lunar volcanoes must hav^ been very ac- 
tive to have sent out such an enormous number of stones as 
are needed in order that we should so frequently encounter 
them. When it was further considered that tljjcre is no proof 
that lunar volcanoes are now active, and that when they were 
active they were more likely to have been open seas of lava, 
not well fitted to shoot out such masses, the idea of the lunar 
origin of the meteorites gradually lost ground. 

But the unity of meteorites with shooting stars, if true, in- 
creases a hundred-fold the difficulty, and would require that the 
comets have the same origin with the meteorites. No one 
claims that the comets came from the moon. 

That the meteorites came from the earth's volcanoes is still 
maintained by some men of science, particularly by the dis- 
tinguished Astronomer Ro3'al for Ireland. The difficulties of 
the hypothesis are, however, exceedingly great. 

In the first place, the meteorites are not like terrestrial 
rocks. Some minerals in them are like minerals in our rocks. 
Some meteoric irons are like the Greenland terrestrial irons. 
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But no rock in the earth has yet been found that would be 
mistaken for a meteorite of any one of the two or three hun- 
dred known s^one falls. The meteorites resemble the deep, 
terre'strial rocks in some particulars, it is true, but the two are 
also thoroughly unlike. 

The terrestrial volcanoes must also have been wonderfully, 
active to have sent out such a multitude of meteorites as will 
explain the number of stone falls which we know and which: 
we have good reason to believe have occurred. 

The volcanoes must also have been wonderfully potent. The 
meteorites come to us with planetary velocities. In traversing^ 
the thin upper air, they are burned and broken by the resist- 
ing medium. Long before they have gone through the tentti- 
part of the atmosphere the meteorites usually are arrested and 
fall to the ground. If these bodies were sent out from the 
earth's volcanoes they left the upper air with the same velocity 
with which they now return to it. This the law of gravitation 
demands. What energy must have been given to the meteor*^ 
ite before it left the volcano to make it traverse the whole of 
our atmosphere, and go away from the earth with a planetary 
velocity ! Is it reasonable to believe that volcanoes were ever 
so potent, or that the meteorites would have survived such a 
journey ? 

No one claims that the meteors of the star-showers nor that 
their accompanying comets came from the earth's volcanoes. 
To ascribe a terrestrial origin to meteorites is then to deny 
the relationship of the shooting-star and the stone-meteor. 
Every reason for their likeness is an argument against the ter- 
restrial origin of the stones. 

To suppose that the meteors came from any planets that 
have atmospheres involves difficulties not unlike to, and equally 
serious with, those of a terrestrial origin. 

The solar origin of meteorites has been seriously urged, and 
deserves a serious answer. 

The first difficulty which this hypothesis meets is, that solid 
bodies should come from the hot sun. Besides this, they must 
have passed without destruction through an atmosphere of im- 
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mervse thickness, and must have left the sun with an immense^ 
velocity. 

Then there is a geometric difficulty. The meteorite shot out 
from the s«n would travel under the law of gravitation nearly 
in a straight line outward and back again into the sun. If in ' 
its course it enters the earth's atmosphere, its relative motion^ 
that which we see, should be in a line parallel to the ecliptic,, 
except as slightly modified by the earth's attraction. A large 
number of these meteors, that is most, if not all, well observed 
fireballs, have certainly not traveled in such paths. These did 
not come from the sun. 

It has been a favorite hypothesis that the meteorites came 

from some planet broken in pieces by an internal catastrophe 

There is much which mineralogists can say in favor of such a 

"V-ievir. The studies of M. Stanislas Meunier and others into the 

structure of meteorites have brought out many facts which 

Imiake thefr hypothesis plausible. It requires, however, that the- 

stone-meteor be not regarded as of the same nature as the 

star-shower meteor, for no one now seriously claims that the 

crbnlets are frag^ments of a broken planet. The hypothesis of 

^he existence of such a planet is itself arbitrary; and it is not 

easy to understand how any mass that has become collected 

by the action of gravity and of other known forces should hy 

internal forces be broken in pieces, and these pieces rent 

)eisunder. The* disruption of such a platiet by internal forces 

. aifter it has by cooling lost largely its original energy would be 

specially diffitult to explain. 

We cannot then look to the moon, nor to the earth, nor to 
^he sun, nor to any of the large planets, nor to a broken planet 
^^ tlie first home of the meteoroids, without seeing serious if 
xiot insuperable objections. But since some of the meteoroids 
'V^ere in time past certainly connected with comets, and since 
'Vre can draw no line, separating shooting stars from stone- 
tneteors, it is most natural to assume that all of them are of a 
cometary origin. Are there any insuperable objections that 
"have been urged against the hypothesis that all of the me- 
teoroids are of like nature with the comets, that they are ii> 
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fact fragments of comets, or it may be in some cases, minute 
comets theniselves ? 

If such objections exist they ought evidently to come mainly 
from the mineralogists, and from what they find in the internal 
structure of the meteorites. Astronomy has not as yet fur- 
nished any objections. It seems strange that comets break in 
pieces, but astronomers admit it for it is an observed fact. It 
is strange that groups of these small bodies should run before 
and follow after comets along their paths, but astronomers ad- 
mit it as a fact in the case of at least four comets. Astronom- 
ically, there would seem to be no more difficulty in giving such 
origin to the sporadic meteor, and to the large fireball, and to 
the stone-meteor, than there is in giving it to the meteor of 
the star-shower. If then the cometic origin of meteorites \% 
inadmissible, the objections must come mainly from the nature 
lind structure of meteoric stones and irons. Can the comet in 
its. life and history furnish the varied conditions and forces 
necessary to the manufacture or growth of these peculiar 
structures } 

It is not necessary in order to answer this question to solve 
the thousand puzzling problems that can be raised about the 
origin and the behavior of comets. Comets exist in our sys- 
tem, and have their own peculiar development, whatever be 
our theories about them. It will be enough for my present 
purpose to assume, as probably true, the usual hypothesis that 
they were first condensed from nebulous matter ; that that 
matter may have been either the outer portions of the original 
^olar nebula, or matter entirely independent of our system and 
scattered through space. 

In either case the comet is generally supposed, and probably 
must be supposed, to have become aggregated far away from 
the sun. This aggregation was not into one large body to be 
afterwards broken up by disruption or by solar action. The 
varieties of location of the cometic orbits seem inexplicable 
upon any such hypothesis. Separate centers of condensation 
^re to be supposed but they are not a priori unreasonable. 
This is the rule rather than the exception everywhere in nature. 
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Assume then such a separate original condensation of the 
comet in the cold of space, and that the comet had a very 
small mass compared with the mass of the planets. Add to 
this the comet's subsequent known history as we are seeing it 
in the heavens. Have we therein known forces and changes 
and conditions of such intensity and variety as the internal 
structure of the meteorites calls for ? 

{Tv be continued,) 



THE TOTAL SOLAR ECLIPSE OF AUGUST NEXT. 



JACOB ENNIS. 



As the chang^es in the size and the form of the solar corona 
are so frequent, and as the time for observation at any one 
"point is so very short, it will be important at the solar eclipse 
in August next to make observations on its entire line from 
western Europe to eastern Asia and further on through Japan. 
This will afford two or three hours to view the coronal changes. 
The importance of this is illustrated by the eclipse across the 
Americas in July, 1878, when about half an hour intervened 
between the observations in Montana and those in Texas and 
when such enormous changes astonished all reflecting astron- 
omers. They are recorded in a quarto volume compiled by 
the naval observatory in Washington, D. C. At one point 
two projections or streamers of the corona on opposite sides 
of the sun extended outwardly to the vast distance of 5,000^000 
n)iies. At another point a third projection was seen at right 
angles to the other two, and equally as long. At another 
station one of these streamers reached outwardly lo^ooofioo 
miles. The latter observer. Prof Langley, says, ** It was evi- 
dent that I was witnessing a real phenomenon heretofore un- 
described. The distance of twelve solar diameters through 
which I traced it, I feel great confidence in saying was but a 
portion of its extent'' The italics are his own. Later ob- 
servers in Texas saw the extensions to be shortened to only a 
single solar diameter and less. 

.JFpr solving the mysterious problem of the cause of the solar 
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corona, no facts are more important than the suddenness and 
the greatness of its changes, both in form and in size. These 
changes are admirably collected and portrayed in the 41st 
volume of the Memoirs of the Royal Astronomical Society, 
London, which is devoted entirely to the total solar eclipses of 
modern times. Among all these many drawings of the corona 
there are no two ac all resembling one another. The same 
must be said of the ten drawings of the forms of the corona 
given by Prof. Young in his volume on the sun. The coronal 
changes take place even during the few minutes of observa- 
tion of a single eclipse in a single locality. Prof. Plantamour 
drew very carefully three pictures of the corona in the eclipse 
of July 18, i860. They appear along with many others in the 
41st volume of the Memoirs just named. The first and the 
third are quite different, while the second shows the gradual' 
transition from the one to the other. Mr. Gilman also gives 
three drawings of the corona in the eclipse of December 22, 
1870. While they are all as different as can be from those 
made ten years before by Plantamour, they yet show the same 
shifting panorama, the first and the third are very unlike and 
the second exhibits the manner in which the change went 011 
from first to last. In the report made concerning this latter 
eclipse by the deputation from our own Government Observa- 
tory, that of Captain Tupman is especially interesting, for he 
particularizes with special emphasis the changes which were 
in progress in the corona during the time of totality. 

Besides these changes of the solar corona in size and in ex- 
ternal form, there are others of an internal character. In the 
eclipse of 1878 Trouvelot said, **The soft, pearly light which 
the streamers emitted at once suggested the zodiacal light." 
Newcomb said, **The streamers shaded off by insensible gra- 
dations, and struck me as having a great resemblance to a 
representation of the zodiacal light on a reduced scale." 
Langley said, " I should compare it to the zodiacal light with 
more confidence than to anything else." Now the zodiacal 
liglft has rapid pulsations, cloud-like forms of light, running 
through it from below upwards, but on account of this faint- 
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ness they are seldom observed. Humboldt was the first to 
mention them, which he did in his Cosmos while watching the 
sky during his residence in South America. I have seen them^ 
though rarely. One observer reports seeing these pulsations 
in the corona in the eclipse of 1878. Prof. Ormond Stone 
writes, p. 238, of the eclipse of 1878, **Around the sun was a 
narrow, bright halo, very nearly white, but sh'ghtly tinged 
with orange yellow." Prof. Lewis Swift says, ** The pencils or 
streamers of light appeared to have a rapid motion in the 
direction of their length. The motion appeared not pulsating, 
but a constant outflow of what I consider to be electric light 
of high tension streaming off* in straight lines into space. This 
flow in one direction suggested to me, at the time, the jets of 
water from a street sprinkler." 

E. J. Brookings, Esq., of Washington, D. C, made a com- 
munication to The Evening Star of that city which is worthy 
of a record in some astronomical work, and it is appropriate 
here. He wrote : ** During the winter of i860 I was living in 
Maine, and after the perihelion of the wonderful comet of that 
year (the nights being cold and the atmosphere very clear) I 
saw distinctly, and for several nights in succession, scintilla- 
tions of light in the form of waves, pass very rapidly from the 
coma of the comet to the extremity of its tail. The scintil- 
lations or waves were so rapid and continuous that my curi- 
osity was excited and I called the attention of my father, to 
the fact, and he, too, distinctly saw the curious phenomenon. 
That this was no atmospherical disturbance, the wavy motion 
alone would determine. The action was precisely similar to 
that of the aurora borealis, and, although a boy, as it were, I 
came then to the conclusion that this action was electricity, 
no matter what might be the material composing the tail." 

I was also in the State of Maine on Mount Desert Island in 
the summer of 1873 when Coggia's comet appeared above the 
northern horizon with its large tail projecting straight upward. 
Almost every night the streamers of the aurora borealis ap- 
peared and also shot straight upward. No difference could be 
detected between the two phenomena. The streamers of the 
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tomet and the streamers of our planet seemed identical. 
§bmetimes they overlapped and became intermixed on the 
libftherh sky so that there was no telling which was which. 

It fs objected by one of the observers of the eclipse of 18/^8 
that if the corona were an outgo of electricity, it would be 
•Sveti on all sides of the sun alike. But we know that the 
Aurora borealis is an electric effect, and yet the tall streamers 
Sife often wide ajpart with vacant, or nearly vacant spaces be- 
tween. Some comets also have more tails than one ; these, 
aire of quite different dimensions. 

About the eclipse of 1878 Prof. Boss wrote: "These radia- 
ting streamers resembled very much the white ones frequently 
s6eh in auroras." **An apparent pulse or luminous wave mo- 
tion continually occurred from the limb outward, reminding 
me again of the aurora, in which a similar motion is often 
seen. Perhaps as good a comparison would be the white 
streams emitted from the head of a bright comet." I*r6f. 
Keeler wrote : *' I took one glance with the naked eye, and 
could see the corona extending apparently much farther than 
I could with the telescope, but could not see the streamers of 
the inner corona. I think that the variations of light in the 
corona and its forks and branches are more easily recognized 
Without the aid of the telescope.'* Prof. Trouvelot wrote : 
**The naked eye views of the corona differed considerably 
from the telescopic views, as should have naturally been Ex- 
pected." 

The above facts show that five phenomena in the corona are 
to be looked for ih August next, — the size, the form, the 
Changes of form and size, the pulsations, and the colors. TThey 
^how also that the telescope may be dispensed with. The 
same is true of the photographic apparatus ; the time is too 
short at any^one locality to photograph the faint and delicate 
extensions of the corona. This is important in the wide re- 
gions of central Asia, of China and of Japan, where instru- 
'ments cannot easily be taken. 

Nothing need^here be added of my theory about the causes 
ind thej identity in nature, of the solar corona, the tails of 
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comets, the zodiacal light, and the aurora borealis. Already 
thjs was done in the last October number of the SIDEREAL 

Messenger. 

KEPLER'S correspondence IN 1599. 



[Through the kindness of Professor J. Hagcn, S. J. College of 
the Sacred Heart, Prairie du Cliien, Wis., we have had the 
pleasure of examining a pamphlet of 118 pages which contains 
three letters written by Kepler in 1599'to Chancellor Herwart 
von Hohenburgof Bavaria. In 1881, the editor of Kepler's 
works, who was a member of the royal Wurtemburg board of 
national education, said some letters were missing that Kepler 
m^ust have written in i599» and he presumed they were lost. 

The editor of the pamphlet before us, C. Anschutz, says in 
the introduction : 

" As I was recently looking over the Latin manuscript of 
1607 at the Munich royal national library which, thanks to 
the kindness of the library management, I had the pleasure of 
examining while there, I found three original letters from 
Kepler to Herwart in the year 1S99. A closer examination 
proved beyond a doubt that they were the letters sought. The 
first of them, dated April 9 and 10, is evidently an answer to 
Kerwart*s letter of March 10." 

These letters were first published in 1886 at Prague ; they^ 
are in Latin and are followed by 34 pages of interesting notes 
HI German. Professor Richardson, of Carleton College, has 
If anslated the first letter, a portion of which we give b^slow. — 
Eb.} 

Letter L 

Your letters, most learned and noble sir, written on the tenth 
of March, I received on the sixth of April. You raise many- 
questions in them ; of these, I will defer for the present, those 
which require work and computation, since in the two days 
which the courier has announced to me both other and sacred 
matters must be treated : but I will briefly touch upon those" 
which can be solved by ready memory, not indeed, because \ 
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think that you so greatly need my work ; both whose ready 
memory, and careful reading, and discretion especially in judg- 
ing I have seen not only on many former occasions, but especially 
in these letters and in the question concerning the birth-day 
ofOctavius; but because I see that you are delighted with 
literary discussions of this nature. For unless your nature and 
genius drew you hither, long since would this very dull 
letter of mine have persuaded you to silence. 

The first question you raise is regarding the calculation of 
eclipses, and, although you are pleased that a reform in this 
has been attempted by me, yet you oppose my experience and 
observation. Therefore I should prefer to excuse myself to 
you, blaming my youthful zeal, rather than to give a reason 
for my rashness in boasting in public 6f that which I had 
scarcely well dreamed of in private. For what am I among 
the masters who have long been trained and practiced in ob- 
servations } Let all be silent, and give heed to Tycho Brahe, 
the Dane, who now for the thirty-fifth year is devoting himself 
to observation, who sees more with his eyes than many others 
with mental vision, a single instrument of whom cannot be 
counterbalanced by my whole thought and being, in compar- 
ison with whom Ptolemy, the Alphonses, Copernicus, may be 
considered as boys, except that he ascribes to them a great 
part of his wisdom and the advantages derived from their dis- 
coveries : as indeed it is always easy to add something to 
what has been discovered. But to speak most truly what I 
think : he alone has understanding and they as shadows flit 
about. Nor does it embarrass me that he was a little opposed 
to the motion of the earth. For he does not refer it to educa- 
tion, by which as a tradition one may follow any motion. But 
to reality. You will read, I hope, a part of his letter, which he 
gave to Mastlin last year, joined to these letters. From that 
you can exclaim concerning me and those like me : "Oh hu- 
man griefs, oh what an empty world ! " 

Certainly it is more than a puzzle to me, that anything 
seems smaller near at hand, than if it is further removed. For 
before this, the opticians had taught me the opposite. The 
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moon, he says, in solar eclipses is quite low and yet it appears 
smaller in diameter than in eclipses of the full moon, in which, 
other things being equal, it is in the same proximity to the 
earth. I do not know what I shall say to him. The theory of 
parallax certainly shows this proximity, other observations 
^how a perceptible quantity. A wise astronomer will not 
strive for either. Therefore I await the publication of his 
ivorks with great eagerness. Since I have already entered 
cipon this discussion, I will defend my temerity against your 
experience, and although undertaken by a plan not the wisest, 
yet the worst result may not follow. You place before me 
six eclipses, in all of which I am wonderfully strengthened in 
tny reform, I would better say correction, of the calculation. 

1. You write Dec. 29, 1591, that you have carefully ob- 
served the Prutenic tables. Good ! For if anyone should cor- 
rect the Prutenic calculation in this way which I have men- 
tioned in my suggestion, he will make no change in the Pru- 
tenic tables about the end of June and December, while the 
sun is in apogee or perigee. For although there is the great- 
est difference between the moon of December and June or 
January and July (other things being equal) nevertheless the 
effect of this difference is chiefly augmented in the quadrants 
Aries and Libra. Take this example. Although the daily 
motion of the sun is greatest in Capricornus, least in Cancer, 
nevertheless the difference of the true motion from the mean 
in Capricornus and Cancer is nothing, in Aries and Libra the 
greatest. There is the same reasoning in my suggestion con- 
cerning the moon also. 

2. The second eclipse February 20, 1598 : I think you are 
mistaken in the observation. I do not say this alone, but 
Tychoalso. And although I am without instruments, never- 
theless from the time of setting, it was evident without doubt 
that the Prutenic calculation was in error by about a whole 
liour. By which the eclipse followed it. I remember that I 
point this out in my appendix to the prognosticon from which 
you see I do this also for myself. 

3. In the month of February of this year I had a clear night 
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and a comparison having been again made to the setting^, I 

found the eclipse about three quadrants later than the Prutettic 

calculation. 

(To be continued:} 



COMETS OP 1886. 



W. C. WINLOCK. 



The following list is in continuation of that published in 

the Sidereal Messenger for February, 1886, (Vol. V, p. 50): 

Comet 1886 I = Comet d 1885. 

= Fabry's comet. 

Comet 1886 II = Comet e 1885. 

= Barnard's comet. 

Comet 1886 III = Comet b 1886. 

= Comet 1886. (Brooks 2.) 

Comet 1886 IV = Comet c 1886. 

= Comet 1886. (Brooks 3.) 

Comet 1886 V = Comet a 1886. 

= Comet 1886. (Brooks i.) 

Comet 1886 VI = Comet d 1886. 

= Winnecke's comet. 

Comet 1886 VII = Comet e 1886. 

= Finlay's comet. 

Comet i886 VIII = Comet c 1887. 

= Barnard's comet. 

Gomet 1886 IX = Comet/ 1886. 

= Comet/ 1 886. (Barnard, Oct. 4.) 
= Comet 1886. (Barnard-HartwJg.) 



EDITORIAL NOTES. 



Correspondents are respectfully urged to take great pain^ in 
preparing copy for publication. No time is set apart for de- 
ciphering or copying bad manuscript, though this has be^ii 
done too often in the past. It is also unpleasant to retui^n 
good matter to the writer on this account when a little more 
Itains at first would make it wholly unneeessary. 
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This is a grand year for comets, judging from the record of 
the last two months. It is plain that Barnard and Brooks 
have been sitting up nights to get even with Dr. Warner for 
reducing the prizes last year. We guess he wishes now he 
hadn't, for certainly Professors Chandler, Boss and Egbert 
willhav^ to rub their eyes and sit up nights also, to get out 
all the orbits and ephemerides on regulation time after dis- 
covery. 

Comet a 1 881 (Thome y — As stated last month this comet 
was discovered by Dr. Thome, director of the observatory 
at Cordoba, South America, on Jan. 18, in the constellation 
Grus. The tail was seen at Melbourne observatory Jan. 19^ 
and at Adelaide observatory Jan. 20. Though the comet is 
not yet brilliant, it is said to be easily visible to the naked eye^ 
even in strong twilight, and to appear somewhat like the 
Great Southern Comet of 1880. The Observatory speaking of 
it about the time of its discovery said, ** the tail is long, nar- 
row and straight and has been traced for a length of about 30.®*' 

With Meyer's elements of Comet 1880 I, and an assumed 
perihelion passage on Jan. 11, 1887 G. M. T, Mr. Chandler 
computed an ephemeris for the month of February which 
gives the comet a north-easterly motion with increasing dis- 
tance from the earth and sun and rapidly diminishing bright- 
ness. By this calculation the comet should now (Feb. 22) be 
dn the western boundary of Eridanus 5^ south of a lone third 
magnftude star and 4® east of ^ Fornax. The comet will be 
watehed by Southern observers with interest. 

C^^m^ b i88f^ {Brooks), — Under date January 2Sth, Mr. 
Brookd writes : " On Saturday evening, January 22, I dis- 
60veved^a- new comet in the constellation Draco in approxi- 
mate R, A, 18 A o m\ decl. north 71®. It required but a short 
time to detect motion and the discovery was telegraphed to 
Bk Swift the same evening, and he at once instructed Harvard 
te enble the discovery to Europe. Last night and this morn- 
iHSg^ fstPt. 24tfi, I observed the comet again. Dr. Swift was 
iii^hltrS t0-teTi{y the discovery at about the same time in the 
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evening, and he found its position to be at that time R. A. 
i8A 7,0m 2Ss + 73® 36' 34". The comet is round, with 
«ome central condensation, and easily visible with modern 
apertures. Its motion is slowly in a northeasterly direction." 
Red House Observatory, Phelps, N. Y. 

WILLIAM R. BROOKS. 

Professor L. Boss* elements for this comet, as published in 
A. J., No. 152, are : 

T = 1887 March 16.71 17 G. M. T. 

w= isS"" 53' 30" 
Q = 279 43 18 
i = 104 22 33 
log. ^ =0.21372 

Comparison with middle places gives (C — O) : — 

J >l cos i? = — 6"; J i? = — 14" 

Ephemeris for Greenwich Midnight. 

Date. 

March i 



1887.0 



• 

1 I 


A 

3 


A. R. 

m 

26 


16 


Decl. 
/ 

+ 55 58.2 


Light. 
1. 1 


5 


3 


38 


37 


51 47.4 


1. 1 


9 


3 


48 


58 


47 53.7 


I.O 


13 


3 


57 


56 


44 17.5 


0.9 


17 


4 


5 


52 


40 58.6 


0.8 


21 


4 


13 


4 


37 56. 1 


0.8 



The unit of light is referred to the date of discovery. By 
the above elements this comet was brightest about the middle 
of February, and March 5 it will pass a Perseus a few degrees 
to the northeast. Professor Boss remarks in the Science Ob- 
server the singular resemblance of the elements of this comet 
to those of the comet of 1491, excepting in perihelion distance, 
this being more than twice as great as that found by Professor 
Pierce for the former. 



• Comet 1886 (^Barnard c i88y, Jan, 23), — February 14, Mr. 
Barnard writes:- **0n the evening of January 23, a telegram 
came announcing the discovery of a comet by W. R. Brooks. 
It; Iwas raining heavily at dark, but, suddenly it turned very 
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cold and cleared at midnight. Mr. Brooks* cohiet was picked 
up with the 6-inch Cook equatorial, and its accurate position 
•determined with the ring micrometer, ten comparisons being 
obtained. As soon as these observations were finished, I began 
comet-seeking with the 5-inch refractor, and at about 5 o'clock 
A. M. I ran upon a dim hazy object several degrees south-west 
<X ^ Cygni which I recognized as a stranger. The 6-inch was 
again brought into use and nine good ring micrometer obser- 
vations obtained before it was blotted out by dawn. These 
observations showed clearly a northeasterly motion, but cir- 
cumstances prevented any reduction of these observations 
until evening, so the motion was not certainly established un- 
til that time. The usual notification was given to Dr. Swift. 
The discovery position, the mean of nine comparisons gaye, 

Comet preceded star \fn 31.03^, 
Comet south of star 11' 56.6" 

Comparison star's mean place, 

R. A. 19A 9W 15.225 ; Decl. +25^ 33' 55.3/' 
Red'n to app. — 1.555 ; + i.o" 

Hence the resulting apparent place of the comet was, 

January 23, 1887, 17// 36W 475. Nash. M. T. 
R. A. 19// 7;« 42.645 ; Decl. +25** 21' 59.7." 

I am indebted to Professor Boss for accurate place of the 
comparison star. I have no accurate place for the star used 
with Mr. Brooks* comet. Bad weather has prevented many 
observations of this comet. E. E. BARNARD. 

Vanderbilt University Observatory, Feb. 14, 1887. 



The elements of this comet have been computed by Mr. 
Egbert of Dudley Observatory and E. Weiss, Wien, the latter 
elements being referred to the mean equinox of 1887.0, but the 
former, as printed in A. J. No. 152, are without reference, 
(probably an unintentional omission) and hence can not be 
compared to account for the apparent disagreement. 

From a recent private letter Mr. Egbert states that the ele- 
ments on which the following ephemeris is based will soon be 



ii6 



THE SIDEREAL MESSENGER. 



published, and kindly sends in advance the places fpr March 



as follows : 










EPHEMERIS* 




1887. 


A. R. 


Dec. 


Ug\ 


Qr. 12 h. 


A. m 


/ 




March 2, 


21 06.5 +4800 


.65 


" 6. 


21 21.8 


5006 


.62 


" 10, 


21 37.6 


52 06 


.58 


" 14. 


21 54.0 


53 58 


•54 


" 18, 


22. II.O 


5542 


.50 


** 22, 


22 28.S 


57 17 


•47 


•V 26, 


22 46.4 


5844 


•44 


•• 30, 


23 04.8 


+6003 


.40 


Light at discovery taken as unity. 





Distribution of the Minor- Planets, — In the Scientific Ameri^ 
can Supplement, Jan. 22, 1887, it was stated that the gap at 
the distance J.277 is the only one corresponding to the first 
order of commensurability. The distance 3.9683, where an 
asteroid's period would be two-thirds of Jupiter's, is immedi- 
ately beyond the outer limit of the cluster as at present 
known ; the mean distance of Hilda being 3.9523. The dis- 
covery of new members beyond this limit is by no means im- 
probable. Should; a minor planet at the mean distance 3.9683 
attam an eccentricity of 0.3r— and this is less than that oi 
eleven now known — its apheh'on would be more remote t^haH» 
the perihelion of Jupiter. Such an orbit might not be stable^ 
Its form and extent might be entirely changed after the man- 
ner of LexelFs comet, or the orbit might be thrown into a 
cometary form without greatly modifying the period. Twa 
well known comets, Faye*s and Denning's, have periods;^ 
approximately equal to two-thirds of Jupiter's. In like man^ 
ner the periods of D' Arrest's and Biela's comets correspond toi 
the hiatus at 3.3 1, and that of 1867 II to the first order of conir 
mensurability. (Distance 3.277.) A second mode of elimiiMK 
tten from particular parts of the zone is thus suggested. 



EDITORIAL NOTES. iif 

T'he Swift' Watson Intra-Afercurial Observations. — Mr. Col- 
bfeft*s itatem^nts in your Ust nuittber regarding Mr. Swift's 
<jb5"elvAtton are interesting, and some of them new to me ; 
bat th6y do not a^ett my opinion that " the two objects seen 
by Swift * * * were certainly not the two seen by Watson." 

SwJft's two objects, according to his repeated and persistent 
assertions, were both visible in the same telescopic field, at a 
cliStiince first estimated as 7', but afterwards as 12'; Watson's 
bffo htdits WQTQ four degrees apart. I have not said thdX one 
of Swift's Stars might not by some possibility be identical with 
4)i«^ 6f Watson's ; but even that is violently improbable, since 
Watson could hardly have failed to see them both, if he saw 

As regards Professor Hough's excellent work upon Jupiter, 
1 failed to notice it in the paper referred to, simply for want of 
room. I did write something about it in my rough draft, but 
was obliged to cut down my material to the utmost in order 
to keep within any tolerable limits. Possibly I may have erred 
in judgment as to what should be omitted, but something, and 
It great deal, had to go overboard. As it was, the audience 
Was nearly tired to death before I finished. c. A. YOUNG. 



^^ Astronomy and ike Ice Age." — In the February number of 
this journal there is an article under the iabove head, criticis- 
4ttg Dr. Croirsi theory. The following is the principal state- 
*ft^ilt, viz : '•'Now the difficulty is to show how this effect 
Could be produced by an increased cold in y^intcr accompanied 
iy a corresponding increase of heat during the ensuing S2im^ 
WtrT When this assertion is divested of a manifest error, 
thttfe is'mo difficulty at all. An elementary acquaintance with 
the subject should make it plain to any one that when the 
ttbrthefn hemisphere has its long cold winter in aphelion, the 
stitntner is correspondingly short — too short to melt the ac- 
icumul^ted snow and ice of the preceding winter. The ob- 
Jiector forgets that time is a factor in the melting. That the 
Summer in the above case is short, is an integral part of the 
ttetay. If Is a fact of possibly universal application, that ice 
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under an open sky is formed more rapidly than it melts. Any- 
one who has lived in a cold climate knows that ice is frequent- 
ly formed in three or four days — which a month's sunshine 
scarcely suffices to melt. 

Many so-called objections are too trivial to notice ; the 
principal ones were long ago substantially and, in most cases^ 
triumphantly answered by Dr. Croll in his various articles pub- 
lished in the journals of Scotland and in the American jfour- 
nal of Science — to which answers I would respectfully call at- 
tention. The principal points have brought together in his 
late work, ** Climate and Cosmology," a work which it be- 
hooves most objectors to read. Even Wocikoff *s objections 
were nearly all answered before they were published. 

Miami University, Oxford, O. R. w. McFARLAND. 



Temporary Stars, — In the Monthly Notices of December 
last, Dr. Ralph Copeland, speaking of the Nova in Andromeda, 
says ** the light curve falling by a succession of steps," is as the 
result of his own comparisons. In the SIDEREAL MESSENGER 
of the preceding March, I called attention to the "well marked 
waves, when the star grew brighter for a few days and then 
recommenced its diminution.** In the Astronomische Nach^ 
richten of January 27, (No. 2769,) the light curve of the Nova 
in Orion, of last year, is plotted from the observations of Paul 
Stroobant, at Brussels, showing similar waves, which are con- 
firmed by the light curve of M. Muller in the Astronomische 
Nachrichten No. 2734. 

In a paper by Prof Wallace Goold Levison, read before the 
American Astronomical Society, the theory is suggested that 
long periods of uniform heat may be accounted for by chemical 
association. When substances in a condition of dissociation 
cool sufficiently to combine chemically, the temperature re- 
mains uniform until the combination is completed. This is 
illustrated by well known phenomena. If a body of steam is 
gradually cooled, its temperature diminishes until it reaches 
212°. At that point, while the cooling is continued, the tem- 
perature remains uniform until it is all converted into water* 



EDITORIAL NOTES. ii^ 



The temperature then begins again to fall, at the same rate as 
Sit first, and continues until it reaches 32°. Then there is 
another period cf rest while the water is being converted into 
mce. 

• It is possible that in cooling so rapidly that the light is re- 
duced one half in a few days, these periods of rest may be cor« 
arespondingly short. It may be, therefore, that we see in these 
temporary stars, a corroboration of the theory of Prof. Levison. 
^nd so far as the phenomena correspond with his theory, they 
trend to show that the diminution of the light is caused by 
cooling, and not by occultation. 

Unless such successive periods of rest have been observed 
in ordinary variable stars, this resemblance would point to the 
conclusion that the Nova in Orion was last year a new tem- 
porary star. It is remarkable that if a variable hitherto undis- 
covered, it has been so long overlooked ; and it is also noteworthy 
that the new star does not appear upon Pickering's photograph 
of November 9, 1885 ; although that may perhaps be accounted 
for by its red color. These are at least indications that it may 
possibly be in fact a new variable, discovered at its first maxi- 
mum. HENRY M. PARKIIURST. 

Brooklyn, N. Y. Feb. 16, 1887. 



Warner Observatory, — Volume I of the publications of War- 
ner Observatory is received. It is a pamphlet of 70 pages,, 
giving a brief history of the observatory, a description of its 
instruments and an account of the work done from 1883 to the 
close of 1886. The frontis-picce is a beautiful picture of the 
observatory, the observer's dwelling house attached and the 
spacious lawn surrounding. Opposite pages 8 and 10 arc two 
full page engravings showing the working parts of the 16-inch 
Clark equatorial and its accessories ; then follow four of the 
lists of new nebulae, containing 100 each, discovered by Dr. 
Swift within the time before mentioned. 

The greater part of the volume is taken up with the Warner 
prize essays. The first was by Professor Lewis Boss, of Al- 
bany, on Comets. It may be remembered by some of our 



lao THE SID&iEAL MESSMNOER, 



readers that this paper was the leader in the first number of 
this journal in 1883. The remaining four essays are written 
on the theme. The Red Sky-Glows in 1883 and 1884. The 
writers were Professor K. I. Kiessling, Hamburg, Germany, 
James E. Clark, York, England, Henry C. Maine, Rochester, 
N. Y.. and Rev. Sereno E. Bishop, Honolulu, Hawaiian Islands. 
The first and second prizes were awarded in the order of the 
foregoing names, the third being divided between the last two. 

Another interesting feature in the management of this ob- 
servatory is the offer of prizes for the discovery of comets, 
varying from $100 to $500, at different times. Mr. Warner, 
the founder of the observatory, began this in 1881. Since that 
time he has given twenty-one different prizes in this way, 
amounting to $3,750. Of this number W. R. Brooks, Phelps, 
N. Y., has received 8 ; E. E. Barnard of Nashville, 7; Dr. Swift, 
Rochester, 3; Schaeberle, Ann Arbor, Thome, Cordoba, South 
America, and Finlay, of Cape of Good Hope, each, i. 

The influence of this observatory and some of its lines ©f 
work have been unique, yet all has been very useful and help- 
fully stimulating to amateurs. 

The total list of 540 new nebulae discovered mainly by Dr. 
Swift in so short a time is a piece of work of very unusual 
magnitude of its kind. 

Comets Chiefly Optical Phenomena. — The writer of the lead- 
ing article of this number has evidently thought and read 
much concerning the physical constitution of comets, and h^s 
made an honest and earnest effort to harmonize a wide range 
of phenomena belonging to them, that have not been satisfac^ 
torily explained either by the physicist or the astronomer. 
The mode of doing it most of our readers will fully compre- 
hend, as only principles of elementary physics are assumed as 
the basis of explanation. While the ideas advanced may as* 
sist in explaining some phenomena, it seems to us that too 
much is claimed for the theory in view of the known physical 
nature of merely tenuous bodies in gaseous form, to say noth- 
ing of the definite knowledge of comets obtained by the spec- 
troscope. 



The Sidereal Messenger, 
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THE COMETS OP DE VICO, 1844 I, AND FINLAY, x886 V. 



H. C. WILSON, Washington, D. C. 
For the Messenger. 

The little faint telescopic comet discovered by De Vico, at 
Rome, August 22, 1844, would have excited little interest, but 
for the fact, first made known by Faye, that it was moving in 
an elliptic orbit of short period. The seven sets of elements 
of this comet, derived by different computers, agree very 
closely; the last and most accurate set, computed by Briinnow, 
was based upon all of the observations made during that ap- 
parition, and was corrected for the perturbations of all the 
planets. The resulting period was about 5.47 years. The 
comet ought therefore to have been observed, if not at any of 
the previous apparitions, at least at each second return since 
1844. Such, however, has not been the case. 

With regard tp previous apparitions, Le Verrier in a mem- 
oir communicated to the Astronomische Nachrichten^ Vol. 25, 
page 375, has discussed the possible identity .of De Vico*s 
comet with those of 1585, 1678 and 1770, whose elements bear 
some points of resemblance. The conclusion reached was 
strongly negative with regard to the comets of 1585 and 1770, 
but was quite favorable to the identity of the comets of 1678 
an4 1844. In this memoir Le Verrier pointed out the folly of 
inferring identity from mere similarity of the elements of two 
comets. He showed that in the case of this particular comet, 
the perturbations by the planet Jupiter under certain condi- 
tions might have produced a change of as much as 100° in the 
longitude of the nodes and 30° in the longitude of perihelion. 
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between the years 1770 and 1844. He showed also that this, 
change must take place in certain directions, namely, that the 
longitude of perihelion must advance in the direction of Jupi- 
ter's motion, while the line of nodes must retrograde. A refer- 
ence to the diagram may help to make this plain to the 
reader. Suppose the comet of De Vico and the planet Jupiter 
to pass the vicinity of the point A at the same time ; the 
planet moves faster than the comet and -its influence will draw 
the comet outward and around in the direction AC. The 
aphelion distance will thus be increased and the whole orbit 
will be swung around in the direction AC, Again, owing to- 
the greater inclination of the comet's orbit, the point A is 
elevated above the plane of the planet's orbit/and the ten- 
dency will be to pull the comet do\yn, causing its path to in- 
tersect the plane of the ecliptic before it reaches iV. The line 
of nodes will therefore be revolved in a retrograde direction. 
A difference of 5° in the wrong direction in either of these 
elements necessitates, as a condition of identity, that the per- 
turbations have produced a change of 355° instead of 5°; so- 
that the elements of two comets may be apparently quite 
similar while they are really very different. 

The closing words of Le Verrier's memoir will be of inter- 
est here : 

" The comet of 1844 has probably come like the others fromi 
the far distant regions of space, and has been fixed among the 
planets by the powerful influence of the attrkction of Jupiter. 
Its coming dates back, without any doubt, several centuries.. 
Since that epoch it has passed quite frequently in the vicinity 
of the earth ; but has been observed only once in the past 
centuries, 166 years before the apparition of 1844. 

** This comet will for a very long time yet traverse the re- 
stricted orbit which we see it describe to-day. In a certain 
number of centuries, it will again reach to tlje orbit of Jupiter^ 
in a direction opposite to that by which it came into the 
planetary system ; and its course will certainly sometime be 
again changed. Perhaps even Jupiter will restore it to the 
space whence he has stolen it." 
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Since the apparition of 1844 this comet has not been seen, if 
we except a single doubtful observation by Goldschmidt in 
1855, although the conditions for observation, according to 
Brunnow*s elements, have been quite favorable at several re- 
turns. The comet has become known as the Lost Comet of 
De Vico. It was natural, therefore, that when the computers 
found that the preliminary elements of Finlay's comet differed 
so little from those of the comet of 1844, they should conject- 
ure that the two comets were the same. The later and more 
accurate computations do not tend to confirm this conjecture, 
but, as Professor Boss puts it, ** render the question of identity 
with De Vico*s comet rather problematical, to say the least." 

Below I give, side by side, the elements of De Vico*s comet 
by Briinnow, and the latest set of elements of the Finlay 
comet by Boss, from Astronomical Journal No. 150. The lat- 
ter elements are based upon 35 observations, extending over 
the interval of time from September 29 to December 29, 1886. 
Both sets of elements are referred to the equinox of 1886.0. 

De Vico's Comet. Finlay's Comet. 

Time of perihelion passage Sept. 2, 1844 Nov. 22, 1886 

Longitude of perihelion 

Longitude of node 

Inclination 

Perihelion distance 

Eccentricity 

Semi-major axis 

Period 

The most striking point of resemblance is in the inclination 
of the orbits to the plane of the ecliptic ; this being almost 
exactly the same for both comets and but little greater than 
the inclination of the orbits of Mars and Jupiter. 

The graphical method is the most satisfactory for comparing 
the other elements. The accompanying diagram shows the 
projection upon the plane of the ecliptic, of the orbits of the 
two comets and of the planets Earth, Mars and Jupiter. In 
the case of each of these bodies the inclination is so small 
that, on the scale used, the dimensions of the real orbits do 
not differ appreciably from their. projections. Those parts of 
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the curves which lie below the plane of the ecliptic are repre- 
sented by dotted lines. 

A glance at the diagram shows that, to satisfy the hypothe- 
sis of identity, the comet must have been subject to violent 
perturbations at some time between 1844 and 1886. The dif- 
ferences in direction of the major axes, AP and A'F, and the 
lines of nodes, -AW and N'N\ accord with Le Verrier*s cri- 
terion in regard to the perturbations by Jupiter, namely, that 
the perihelion must advance while the nodes must retrograde. 
The intersection of the two comet orbits at A^ the point 
where De Vico*s comet approaches nearest to Jupiter's path, 
would also lead us to suspect that Jupiter might have had 
something to do with the disturbance ; but we encounter seri- 
ous difficulty in bringing the three bodies together in that 
vicinity. The heliocentric longitude of the point A is ap- 
proximately 168°, and if we work forward from 1844.67 with 
the period 5.47 years, and backward from 1886.90 with the 
period 6.68 years, we find the following dates when the three 
bodies were in that longitude : 

De Vice's Comet. Finlay's Comet. Jupiter, 

1847.40 

52.87 1848.72 1850.26 

58.34 5540 

63.81 62.08 62.12 
69.28 6S.76 

74.75 75.44 73.93 
80.22 1882.12 

1885.69 1885.84 

It appears that the Finlay comet and Jupiter passed the 
point A together about 1862. i, but that the De Vico comet 
was then 1.8 years behind. In order to bring the three to- 
gether at that epoch, the period of De Vico's comet must be 
either diminished to 5.0 years or increased to 6.9 years, both 
of which suppositions are improbable. 

There is an interesting conjunction of intersections of the 
paths of the comets and Mars at -D, in longitude 285° — 300°. 
The distance between the planes of the orbits is there very 
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small. Examining, in the same manner as before, the dates at 
which the comets and the planet were in longitude :?88*^, we 
find the following : 

De Vice's Comet. Finlay's Comet. Mars. 

1849.96 1853.26 18.5296 

5543 54.84 

60.90 59.94 60.49 

66.37 66.62 66.14 

71.84 7179 

73-30 73.67 

77.31 77.44 

79-98 79.32 

1882.78 83.08 

1886.66 1886.84 

The nearest approach to coincidence of dates here is in 
1866, but the divergence is still so great that it can hardly be 
accounted for by errors in the assumed periodic times of the 
comets. 

From this superficial examination it would seem that the 
probability of identity of these two comets is extremely small. 
Before undertaking a rigorous investigation of the question, it 
will be necessary to know the mean motion of Finlay's comet 
with exactness. This we cannot hope to know with certainty 
until a second apparition shall have been observed. The next 
perihelion passage will occur in the summer of 1893, ^"^^^ un- 
less the period 6.68 years is considerably in error, will be only 
a little less favorable for observation than the present one. As 
no remarkable perturbations are likely to take place mean- 
while, it is quite probable that the comet may then be re- 
observed. Until then it will be hardly worth while to attempt 
to compute the past perturbations of Finlay's comet, in the 
vain hope of identifying it with that of De Vico. It will be 
advisable, however, to obtain the best possible elements from 
the observations at this apparition and to compute the pertur- 
bations by all of the planets during the next seven years, in 
order to predict the course of the comet as closel}^ as possible 
in 1893. 

Washington, February 12, 1887. 
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(Continued from page 105.) 

What that structure is, and to some extent what conditions 
tnust have existed at the time and place of its first formation 
and during its subsequent transformations, mineralogists rath- 
er than astronomers must tell us. For a long time it was ac- 
cepted without hesitation that these bodies required great 
heat for their first consolidation. Their resemblance to the 
earth's volcanic rocks was insisted on by mineralogists. Pro- 
fessor J. Lawrence Smith in 1855 asserted without reserve that 
^*they have all been subject to a more or less prolonged igneous 
action corresponding to that of terrestrial volcanoes." Direc- 
tor Haidinger, in 1861, said **With our present knowledge of 
natural laws the characteristically crystalline formations could 
not possible have come into existence except under the action 
of high temperature combined with powerful pressure." The 
likeness of these stones to the deeper igneous rocks of the 
earth as shown by the experiments of M. Daubr^e strength- 
ened this conviction. 

Mr. Sorby in 1877 said, " It appears to me that the con- 
ditions under which meteorites were formed must have been 
such that the temperature was high enough to fuse stony 
masses into glass ; the particles could exist independently one 
of the other in an incandescent atmosphere, subject to violent 
mechanical disturbances ; that the force of gravitation was 
great enough to collect these fine particles together into solid 
masses, and that these were in such a situation that they 
could be metamorphosed, further broken up into fragments, 
and again collected together." 

Now if meteorites could come into being only in a heated 
place, then the body in which they were formed ought, it 
would seem, to have been a large one. But the comets, on the 
contrary, appear to have become aggregated in small masses. 

The idea that heat was essential to the production of these 
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minerals was at first a natural one. All other known rock 
formations, are the result of processes that involved water or 
fire or metamorphism. All agree that the meteorites could 
not have been formed in the presence of water or free oxygen. 
What conclusiqn was more reasonable than that heat was 
present in the form of volcanic or of metamorphic action ? 

The more recent investigations of the meteorites and kind- 
red stones, especially the discussions of the Greenland native 
irons and the rocks in which they are imbedded, are leading 
mineralogists, if I do not mistake, to modify their views. 
Great heat at the first consolidation of the meteoric matter is 
not considered so essential. In a late paper M. Daubr^e says 
"It is extremely remarkable that in spite of their great ten- 
dency to a sharply defined («^//^) crystallization, the silicate 
combinations which make up the meteorites are there only in 
the condition of very small crystals all jumbled together as if 
they had not passed through' fusion. If we may look for 
something analogous about us, we should say that instead of 
calling to mind the long needles of ice which liquid water 
forms as it freezes, the fine grained texture of meteorites re- 
sembles rather that of hoar frost and that of snow, which is 
due, as is known to the immediate passage of the atmospheric 
vapor of water into the solid state.'* 

So Dr. Reusch from the examination of the Scandinavian 
meteorites concludes that ** there is no need to assume vol- 
canic and other processes taking place upon a large heavenly 
body formerly existing but which has since gone to pieces." 

The meteorites resemble the lavas and slags on the earth. 
These lavas and slags are formed in the absence of water, and 
with a limited supply of oxygen, and heat is present in the 
process. But is heat necessary for the making of the meteor- 
ites } Some crystallizations do take place in the cold ; some 
are direct changes from gaseous to solid forms. We cannot in 
the labratory reproduce all the conditions of crystallization in 
the cold of space. We cannot easily determine whether the 
mere absence of oxygen will not account fully for the slag-like 
character of the meteorite minerals. 
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Wherever crystallization can take place at all, if there are 
present silicon and magnesium and iron and nickel with a lim- 
ited supply of oxygen, there silicates ought to be expected in 
abundance, and the iron and nickel in their metallic form. Ex- 
cept for the heat the process should be analogous to that of 
the reduction of iron in the Bessemer cupola where the limited 
supply of oxygen combines with the carbon and leaves the 
iron free. The smallness of the comets should not then be an 
objection to considering the meteoric stones and irons as 
pieces of comets. There is no necessity of assuming that they 
were parts of a large mass in order to provide an intensely- 
heated birth-place. 

But although great heat was not needed at the first forma- 
tion there are many facts about these stones which imply that 
violent forces have in some way acted during the meteorites*^ 
history. The brecciated appearance of many specimens, the 
fact that the fragments in a breccia are themselves a finer 
breccia, the fractures, the infiltrations and apparent faultings 
seen in microscopic sections, and by the naked eye, — these all 
imply the action of force. 

M. Daubr^e supposes that the union of«oxygen and silicon 
furnishes sufficient heat for making these minerals. If this be 
possible those transformations may have taken place in their 
first home. Dr. Reusch argues that the repeated heating and 
cooling of the comet as it comes down to the sun and goes 
back again into the cold is enough to account for all the pe- 
culiarities of structure of the meteorites. These two modes of 
action do not, however, exclude each other. 

Suppose then, a mass containing silicon, magnesium, iron^ 
nickel, a limited supply of oxygen and small quantities of other 
elements, all in their primordial or nebulous state (whatever 
that may be) segregated somewhere in the cold of space. As 
the materials consolidate or crystallize, the oxygen is appro- 
priated by the silicon and magnesium, and the iron and nickel 
are deposited in metallic form. Possibly the heat developed 
may, before it is radiated into space, modify and transform the 
substance. The final result is ^ rocky mass (or possibly sev- 
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^ral adjacent masses) which sooner or later is no doubt cooled 
down throughout to the temperature of space. 

This mass in its travels comes near to the sun. Powerful 
action is there exerted upon it. It is heated. How intense is 
that heat upon a cold rock unprotected apparently by its thin 
atmosphere, it is not possible to say. We know that the sun*s 
action is strong enough to develop and drive off into space, 
that immense train, the comet's tail, that sometimes spans our 
heavens. It is broken in pieces. We have seen the portions 
go away from the sun, to come back probably as separate 
•comets. Solid fragments are scattered from it to travel in 
their own independent orbits. 

What is the condition of the burnt and crackled surface of a 
•cometic mass or fragment as it goes out from near the sun 
again into the cold } What changes and re-crystallizations may 
not that surface undergo before it comes back to pass anew 
through the fiery ordeal } We have here forces that we know 
are acting. They are intense, and act under varied conditions. 
The stones subject to those forces can have a history full of all 
the scenes and actions required for the growth of such strange 
bodies as have come down to us. Some of our meteors, those 
of the star-showers, have certainly had that history. What 
^ood reason is there for saying that all of them may not have 
had the like birthplace and life ? 

Before I close let me recite one lesson that has been taught 
us by the recent star-showers. The pieces which come into 
our air, in any recurring star-shower, belong to a group whose 
shape is only partly known. It is thin, for we traverse it in a 
short time. It is not a uniform ring, for it is not annual, ex- 
cept possibly the August sprinkle. How the sun's unequal at- 
traction for the parts of a group acts as a dispersive force to 
draw it out into a stream, those most beautiful and most fruit- 
ful discussions of Signor Schiaparelli have shown. The groups 
that we meet are certainly in the shape of thin streams. 

It has been assumed that the cometic fragments go continu- 
ously away from the parent mass so as to form in due time a 
ringlike stream of varying density, but stretched along the en- 
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tire elliptic orbit of the comet. The epochs of the Leonid 
star-showers in November, which have been coming at inter- 
vals of thirty-three years since the year 902, have led us to 
believe that this departure of the fragments from TempeFs 
comet (1866, I) and the formation of the ring was a very slow 
process. The meteors which we met near 1866, were, there- 
fore thought to have left the comet many thousand years ago. 
The extension of the group was presumed to go on in the 
future, until, perhaps tens of thousands of years hence, the 
earth shall meet the stream every year. 

Whatever may be the case with TempeFs comet and its 
meteors, this slow development is not found to be true, for the 
fragments of Biela's comet. It is quite certain that the me- 
teors of the splendid displays of 1872 and 1885 left the im- 
mediate vicinity of that comet later than 1840, although at the 
time of those showers they had become separated two hundred 
millions of miles from the computed place of the comet. The 
process then has been an exceedingly rapid one, requiring, if 
continued at the same rate, only a small part of a millennium 
for the completion of an entire ring, if a ring is to be the fin- 
ished form of the group. 

It may be thought reasonable in view of this fact about 
Biela*s comet established by the star-showers of 1872 and 1885 
to revise our conception of the process of disintegration of 
Tempers comet also. The more briUiant of the star-showers 
from this comet have always occurred very near the end of the 
thirty-three year period. Instead of there being a slow process 
which its ultimately to produce a ring along the orbit of the 
comet, it certainly seems more reasonable to suppose that the 
compact lines of meteors which we met in 1866, 1867 and i8681eft 
the comet at a recent date. A thousand years ago this shower 
occurred in the middle of October. By the precession of the 
equinoxes and the action of the planets, the shower has moved 
to the middle of November. One-half of this motion is due to 
to the precession of the equinoxes, the other half to the per- 
turbing action of the planets. Did the planets act upon the 
comet before the meteorids left it, or upon the meteoroid 
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stream? Until one has rednced the forces to numerical values, 
he may not give to this question a positive answer. But I 
strongly suspect that computations of the forces will show that 
the perturbations of Jupiter and Saturn upon that group of 
meteoroids hundreds of millions of miles in length, perturba- 
tions strong enough to change the node of th^ orbit fifteen 
degrees along the ecliptic, would r^ot leave the group such a 
compact train as we found it in 1866. If this result is at all 
possible, it is because the total action is scattered over so many 
centuries. But it seems more probable that the perturbation 
was of the comet itself, that the fragments are parting more 
rapidly from the comet than we have assumed, and that long 
before the complete ring is formed the groups become so scat- 
tered that we do not recognize them, or else arc turned away 
so as not to cross the earth's orbit. 

Comets by their strange behavior and wondrous trains have 
given to timid and superstitious men more apprehensions than 
have any other heavenly bodies. They have been the occasion 
of an immense amount of vague and wild and worthless specu- 
lation by men who knew a very little science. They have fur- 
nished a hundred as yet unanswered problems which have puz- 
zled the wisest. A world without water, with a strange and 
variable envelope which takes the place of an atmosphere, a 
world that travels repeatedly out into the cold and back to the 
sun and slowly goes to pieces in the repeated process, has 
conditions so strange to our experience and so impossible to 
reproduce by experiment that our physics cannot as yet ex- 
plain it. Yet we may confidently look forward to the answer 
of many of these problems in the future. Of those strange 
bodies, the comets, we shall have far greater means of study 
than of any other bodies in the heavens. The comets alone 
give us specimens to handle and analyze. Comets may be 
studied, like the planets, by the use of the telescope, the 
polariscope and the spectroscope. The utmost refinements of 
physical astronomy may be applied to both. But the cometary 
worlds will be also compelled, through these meteorite frag- 
ments with their included gases and peculiar niinerals, to give 
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up some additional secrets of their own life and of the physics 
of space to the blowpipe, the microscope, the test-tube and the 
crucible. 

KEPLER'S CORRESPONDENCE IN 1599 « 

(Continued from page iii.) 

4. In the year 1595, April 23, I myself saw, as you also did, 
that the eclipse of the moon occurred later than it was placed 
by the Prussian calculation. This again confirms my view. 
For in the month of April this seems to me to happen of ne- 
cessity. 

5. You see the eclipse of the sun for the year 1598 is placed 
by Tycho himself lOj^ digits north and later (for th« one fol- 
lows the other, as I have shown in my appendix) by myself 
also it is received in this very way, and is given a fundament- 
al position. 

6. In the year 1590 the eclipse of the sun was seen at Tub- 
ingen by Mastlin in my presence, to appear in like manner 
earlier and smaller. This is just in accordance with my prin- 
ciples, for the sun was beyond apogee in Leo. 

Finally you recount in order the eclipses before CHRIST, 
which are obtained by each calculation with a diflFerence of 
almost three hours. This also confirms my view. For since 
my calculation is accommodated to daily observations, the 
observations approximate the calculation of Alphonso, there- 
fore I also approximate the calculation of Alphonso, and the 
more constantly I do this, with greater accuracy. But even 
before the time of Christ I do this, which I thus prove. My 
correction and difference of the lunations introduced depend 
upon the eccentricity of the sun. That was once greater, 
wherefore my difference also was necessarily greater : so also 
the Prussian tables evidently differ more at that time from the 
tables of Alphonso. I do not say this with accurate knowl- 
edge but conjecturing. For Reinhold in his Prussian tables 
shows how much must be attributed to the tables of Alphonso 
in making investigation of antiquity, who commends Coperni- 

* Translated from the Latin by Professor Louisa H. Richardson, Carleton College. 
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cus for this especially, because he teaches how to compute 
ancient eclipses, when no one before could do it. But yet the 
tables of Alphonso seem to have been especially accurate in 
the case of the moon. And they, perchance, looked chiefly to^ 
the eclipses of springs, as Copernicus to those of summer and 
winter. Hence the former err in the eclipses of summer and 
winter, Copernicus in those of spring and autumn. Coperni- 
cus was devoted to matters of greater importance, determin- 
ing the eccentricity of the sun, measuring the length of the 
year. To obtain these, it was impossible to teach otherwise 
concerning the eclipses, unless he should introduce at the same 
time a new and yearly irregularity in the moon ; and I do this,, 
although he was not inclined to. Perhaps it may also be im- 
portant to state, if the PtoJemaic eccentricity of the sun be 
retained, the eclipses of Copernicus would agree with the ob- 
servations to-day. For I attribute this yearly irregularity to 
the moon, that is the same, as if the eccentricity of the sun 
increased, while the moon continued in uniform motion. 

Beside testing my opinion, you also set forth that of an- 
other, concerning the introduction of a new motion of the 
earth. And I indeed have already said how it could be by a 
simple increase of the eccentricity which is not a new motion. 

And Tycho also makes another suggestion in his letters 
written to me : for he says, the orbit of the sun (according ta 
Copernicus the earth's orbit) is sometimes increased, sometimes 
diminished : that this may be physically possible, he elimi- 
nates the real or solid orbits from the heavens, and I do not 
object to it, though for other reasons. This then we shall see 
in his works if God permit us. On the celestial globe, which 
you perchance have, he says that he observes a certain and 
very slow declination of the Zodiac, so that the same constel- 
lations do not remain fixed in the Zodiac. This in like manner 
Copernicus refers to the earth. And thus let a suggestion be 
enough for us regarding a new motion of the earth. But in 
my appendix you have a two-fold reason why the moon rather 
should be the cause of these errors in eclipses. For, in the 
first place, the same irregularity of the moon is seen also when^ 
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it is compared with the fixed stars or planets, not so much 
when it is compared with the sun and its shadow. Then, the 
whole theory concerning the equinoxes and the length of the 
year would be thrown into great confusion, if the eccentricitjr 
were changed. lam unequal to settling this confusion. Tycho- 
has the power, let fcim then see to it. For he maintains that 
this, which Copernicus gives, is not the reason for the equi- 
noxes. To depart now from the eclipses, since this subject is 
ended, it would please me to discover something concerning^ 
the declination of the ecliptic, but philosophically from my 
cosmography which I am thinking upon. Certainly, the dec- 
lination is not to-day at its minimum, but will decrease through 
many centuries (if time continue) even to a mean of 22° 30V 
and perhaps beyond. For I am convinced that the mean was 
22® 30' in the beginning of the world ; then it increased 
through four thousand years to 24°. So that in the first or 
second century before Christ the mean was found by the mas- 
ters to be 23** 52', which Copernicus makes the maximum. 
Further, in a single revolution the motion is quite frequently 
unequal. Then by Ptolemy again it was observed 23° 52'. 
(Notice that I do not here reply to the Obelisk of Pliny.) Then 
it decreased more quickly, to-day it decreases slowly, and is 
23° 28', but this decrease will continue (to increase again} 
even to the 2400th year from this returning to the primeval 
mean, 22° 30.' Copernicus used to say, the earth was moved 
from the center, the greater the eccentric was made, the more 
also it was inclined to the Zodiac at the poles. But from what 
dream, you say, do you derive this 22° 30' } From the cos- 
mography, I answer. Consider what it would have been, if 
the equator had not deviated from the ecliptic ; what also, if it 
had deviated a whole quadrant, for these are extremes. After- 
wards consider the varying phenomena of the declination 
of orbits 45°, the mean between the extremes, then of 
the declination 67° 30', the mean between 45* and 90**, also of 
the declination 22° 30', the mean between 0° and 45°. Ex- 
amine these yourself, for the matter is easy to think upon^ 
troublesome and long to write. You will find that the equali- 
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Xy of any declination corresponds to the laws of the universe 
and the too great inequality is neither 90° nor 67° 30' nor 45°. 
"There remains then only the 22° 30', and since this number 
approximates the number 23° 28' of to-day's declinatjon and 
the declination is still decreasing, for this reason have I fallen 
upon this suspicion of mine. For in the whole bodily struct- 
ure, God has given laws of the body, number and proportions, 
the best chosen and well regulated laws. Wherefore the parts 
of the orbits are rational, as is 22° 30', which is the sixth part 
of any meridian, while 23° 28', 23° 52' or the mean 23° 40' are 
hot rational parts. This also favors my suggestion, that all 
may be varied by motion, and return to themselves that there 
may be as great variety as possible. Wherefore I agree with 
Tycho also concerning the obliquity of the Zodiac. In this 
way the latitude of the zones will be made equal in creation, 
on a meridian which is divided into eight parts of which each 
holds one from the frigid, two from the temperate and torrid, 
in opposite places. Hence God accomplished this, that the 
mean should lie between the extremes, the temperate between 
the frigid and torrid, and this law has been of great value in 
the arrangement of the world. For this law is also among the 
planets, if not all, certainly the greater ones, Saturn, Jupiter, 
^ars, Venus, Mercury. These five : for we may except the 
earth, since even God has called it an exception adorn- 
ing it alone with the orb of the moon. Accordingly you see 
iSaturn pale, Jupiter yellow. Mars red, Venus golden. Mercury 
silvery. Saturn and Mercury, the extremes, correspond in 
color, so Jupiter and Venus, lying between, while Mars has no 
corresponding planet. Thus God seems to have given the 
planets to the zones, or the zones to the planets. For Saturn 
is frigid, Jupiter, temperate, Mars, torrid ; the color is an in- 
dication, and the astrologers bear witness ; unless the same 
nature and condition does not extend far within to Saturn and 
Mercury, Jupiter and Venus, as to the frigid and temperate 
zones each. For Venus and Mercury are nearer the sun, sep- 
arated from the earth by the higher ones. Wherefore they are 
more brilliant also than Jupiter and Saturn, 
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Let us cease therefore to investigate celestial and incof*- 
poreal things, more than God has revealed to us. These things 
are within the grasp of human understanding. God wishes us 
to know these, since he has fashioned us in his own image, 
that we may come into participation of the same reasoning 
-with himself. For what is in the mind of man beyond numbers 
and quantities } These things alone do we rightly understand 
and if it can be said with reverence, with the same kind of 
thought as God, as much indeed as we do comprehend of 
these things in our mortality. Foolishly do they fear that we 
shall make man a God ; the counsels of God are inscrutable, 
not his corporeal works. For what are the works of God, if 
they are compared with his counsels t The counsels of God 
are God himself, but the work$ are his creatures, and it is not 
a great thing for God to create man capable of understanding 
his works. But let us return to your letter. I think the 
opinion of Pliny and of the ancients concerning the equi- 
noxes — when on 8 of Aries — together Ayith Scaliger arose from 
this, because the solstices continued apparently sixteen days, 
{athough from this I do not affirm anything disparaging 
the Obelisk of Pliny, that I may not make him too unskilled 
in astronomy. For it is one thing to remain fixed and an- 
other thing to revolve ; the former is rest, the latter 
motion. Wherefore as long as the day did not increase per- 
ceptii ly, the sun was thought to stand still, and the solstice 
was said to continue. But as soon as the increase of the day 
was observed, then the sun was said to turn. Hence, revo- 
lution on the eighth day. Afterwards even the days of the 
equin'oxes were computed from the revolutions. 

The pearls of philosophy, gathered from Arabic nonsense, 
belong to that matter which Aristotle treats of in his books on 
generation and destruction and on meteors. Some I have 
shown in the preface of this year's prognosticon, which you 
have. They are simply wonderful, and because they rightly 
try one's patience, the zeal of the Academic philosophers grows 
cold in things so noble. I think that on account of the count- 
less trifles, which are rightly to be despised by the wise, it 
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happens that the pearl also is scorned. Just as a cock will 
have little faith in me advising him to hide something good^ 
for he will see the dung-hill and will dig. I will set forth 
some points through questions. 

I. How are all moistures connected with the light of the 
moon } 2. Why are the ocean tides caused by the motion of 
the moon ? 3. How can position effect anything, and, indeed, 
not all position, but only the rational. For every appearance 
is a rational position, a harmonious part of the four right 
angles, caused by the rays of the stars coming together on the 
earth. And since there are eight harmonies, unison, minor 
third, major third, fourth, fifth, minor sixth, major sixth, oc- 
tave, there will also be eight radiations, as is in my little 
book, cosmography: conjunction, sextilis, quintilis, quadratus,. 
trigon, sesquiquadratus, biquintilis, opposition. (Symbols^ 
omitted.) And why should they not have an influence, since 
the same plan embraces these as the ancient and accustomed. 
This whole question is worthy the genius of natural philoso- 
phers. Behold to-day, when two planets are distant 89% 
nothing new happens in the meteors. To-morrow, when they 
are full 90° distant, that is, a quadrant, suddenly a storm arises* 
How little addition is made to the light of each within one 
day, and how on the day after to-morrow can that be again 
quickly diminished } Therefore it is not the effect of a star^ 
but of stars; not of light but of the number 90°, that is the 
angle counted by the number 90°, a rational and harmonious 
part of the whole circle. The earth itself, then, by its own 
position aids this effect, since if it were situated any where 
else, it would be in another angle. But what can position ac- 
complish } What can reason do, unless that which acts, com- 
prehends reason } Or shall we give life to the light } I pre- 
ferred to ^ive life to the earth, which is suited for understand- 
ng these appearances, as you will comprehend more clearly 
n my preface. 

(To be continued,) 
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In order to emphasize the need of a new theory on the origin 
of sun-spots, it will be advisable to enumerate the most im- 
portant suggestions heretofore made. The most superficial 
observations indicated the following general appearances to 
be explained, namely, a circular spot having a dark center, a 
radiated hotter ring of remarkable uniform structure in width, 
brighter than the center and duskier than the average face of 
the sun, the whole region being hollow and depressed, and the 
scene of great activity as indicated by flames of different kinds. 
The early observers proposed " planets circulating very near 
the surface ;" Galileo, " clouds floating in the solar atmos- 
phere ;" Derham and Capocci, " solar volcanoes f Lalande, 
'* solar mountain tops, like islands in an ocean of fire ;" Her- 
schel, "holes temporarily opening in the two enveloping 
clouds, the photosphere and the penumbral (;loud, showing a 
dark, cool, solid sun ;" Sir John Herschel, ** great whirling 
storms borijng down through the photosphere;" Secchi, "open- 
ings in the photosphere caused by gases bursting out in erup- 
tions ;" Zollner, " the solar surface a liquid in which float slag- 
like cooler ' masses ;" Secchi (modified), ** dense clouds of 
eruption products settling down near but not at the place of 
eruption, as the resultant of component velocities ;" Faye, 
"whirfpools caused by polar-equatorial currents, forming tan- 
gential vortices ;" Young, "sinking spaces in the photosphere, 
due to diminution of upward pressure from below ;" Norton, . 
" diminished gaseous pressure and electric tension ;" Siemens, ; 
" superficial convection currents from stellar regions circulating 
over poles toward the equator of the sun." A sufficient sum- ^ 
mary of objections can be found in Professor Young's book on 
the Sun, pp. 166-178. The statements which accompany these , 
theories in many cases contain exact descriptions of conditions 
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which must exist on the Sun, and the utmost value will always 
be attached to them. 

That the comparison of yortek rings and sun-spot phe- 
nomena may be more readily apprehended, it will be expedi- 
ent to recapitulate the mathematical relations known to exist, 
referring to the works of the illustrious authors (Helmholtz, 
Sir William Thomson, Tait, Craig, Lamb,) for details of the 
subject. Pure mathematics deals with the ideal, frictionless 
vortex ring as applied so beautifully in Thomson's Theory of 
Atoms, and hence it is to be expected that a modified though 
natural type shall be seen in the sun, where the elements of 
pressure and friction must be introduced. A perfect fluid is 
homogeneous, incompressible and devoid of all viscosity. In 
such a fluid, motion about an instantaneous axis is called irro- 
tational, as distinguished from rotation about a fixed axis. 
When such a motion is impressed upon any portion of a per- 
fect fluid, the mass in motion will remain the same ; the vol- 
ume is invariable, though the form may change ; the density 
is uniform in all parts ; the volume of the fluid contained in 
any closed surface is proportional to the volume contained 
within that surface ; the stress between contiguous portions is 
ialways normal. The Theorem of Helmholtz is, that the points 
lying on a vortex line continue to lie on the same line during 
the whole motion ; or the same row of particles forming a 
vortex line swims along with the fluid, in such direction as at 
every point to coincide with the axis of rotation. A vortex 
tube is formed of an integrated series of vortex filaments 
which in turn are vortex lines integrated from consecutive 
points. The quantity which flows through any section of the 
same tube in the unit of time must be invariable, and at any 
section the product of the area of the section into the mean 
velocity of rotation is constant. The velocity of circulation at 
any section varies inversely as the area of that section, and 
that of any segment directly as the length of the segment. 
From these laws are deduced the properties that vortex rings 
are either closed and return into themselves, or have two sec- 
tions in one free surface ; are indestructible and indivisible ; 
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tend to separate themselves from one another and from sur^ 
rounding portions of the same fluid. 

Such vortex motion is an ideal mathematical conception and 
cannot be reproduced by experiment, but the motion as modified 
in a viscous fluid can be repioduced to illustrate these laws, as 
has been shown in Tait*s Lectures on Physics. Popular examples 
are seen in smoke rings of a locomotive. The types of modifi- 
cation may serve as a topic of research in physical laboratories 
promising a rich reward for labor and expense of apparatus. 
When such a ring is thrown into a medium of condensation 
and pressure, the natural expansion produced by tbe absorp-r 
tion of heat caused by the friction upon the revolving surfaces, 
instead of going on as a simple enlargement of the ring to the 
state of dissolution, will cause an intermediate process of fold- 
ing the surface so as to follow the lines of the rotating sections, 
till the uniform ring disintegrates into a series of secondary 
rings at right angles with the core of the original ring. This 
generation of heat is accompanied by a retardation of the ve- 
locity of rotation, so that eventually the secondary rings, losing 
their momentum, will have only such a low velocity as fails to 
preserve the typical form, and they therefore float away like 
heterogeneous masses without character into the surrounding 
fluid wherein they were formed. 

So far as we know, the origin of rings possible to be formed 
by experiments is accompanied by a blast of fluid having con- 
siderable velocity through a channel of relatively hard walls, 
upon whose sides the friction retards the outer layers of the 
column, while the inner being unimpeded give rise to a ring, 
all of whose particles rotate radially from center forward in 
the direction of translation, returning on the outside and thus 
preserving an integrity. When the ring is thus ejected it 
travels on indefinitely till the friction disintegrates it. Should 
it enter a denser medium the same destruction could only be 
hastened but not changed in type. The larger the volume of 
the original ring, the greater the power it has in any given 
medium to resist the influences of friction, since the volume 
increases more rapidly than the containing surface. 
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Let us apply this -theory to the phenomena on the sun. On 
pages 175 and 286, Professor Young, quoting Maxwell and 
others, states what is doubtless the truth, that " at a high tem- 
perature the viscosity of gases is vastly increased, so that quite 
probably the matter of the solar nucleus resembles pitch or 
tar or putty in its consistency." The low density of the sun 
indicates either a large sphere, gaseous throughout, or a 
solidifying nucleus at the center, surrounded with a space oc- 
cupied by convection currents only, and this surmounted by a 
shell of condensation at the extremity of the cooling radius, 
which forms the visible surface of the sui>. The viscous sur- 
face of the nucleus is the agent of contraction upon the en- 
closed gases in relative stages of condensation, producing an 
accumulation of pressure by its volume diminishing in conse- 
quence of the continuous radiation of heat. The relief from 
this pressure is the frequent discharge of the confined gases, 
through the sticky, semi-solid outer wall, where they are 
puffed out under all the circumstances tending to produce a 
vortex ring. The liberated ring springs upward in a parabolic 
path under the components of velocity caused by the forcb of 
ejection, and the rotation of the nucleus on its axis, being 
practically unimpeded except by a retardation of its accelera- 
tion, till it strikes the envelope called the photosphere. The 
resolved tangential velocity at this point will give as the area 
of impact, that part of the ring which is towards the east, as 
seen from the center of the sun, while at the same time the 
normal component continues to act upwards. Under the in- 
fluence of these two forces the ring begins to bore its way 
upward and eastward until it finally emerges as a perfect spot, 
or in case the normal component fails in this work, as a veiled 
spot. The hollow ring has the capacity of sending ahead of it 
a short, gusty current produced by the friction of its inside 
surface upon the medium in which it travels, and this will 
cause an antecedent rending of the superincumbent cloud in 
the irregular forms so well known, together with the elevated 
or bubble shape of the photosphere which heralds a spot at 
any locality. 
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It is clear that the retardation of the ring tends to enlar 
the sectional area of circulation, in addition to the expansi( 
of the gases freed from the pressure at the nucleus, so that h 
the time it appears at the surface of the photosphere it has be 
come enormously larger than when it set out on its upwan 
journey. It may be suggested also that this enlargement is sc 
governed as to adapt itself in a ^degree to the general thick- 
ness of the photosphere at the place of apparition, as a conse- 
quence of which the thickness of the ring and of the photo- 
sphere is nearly the same ; or at least they may be supposed 
to differ by some such constant quantity as is detected in the 
usual depression of the spot below the surface, a result which 
would naturally be caused by the friction sucking down the 
thedium in its immediate neighborhood. 

If this view is correct there is needed only the simple con- 
firmation of inspection to prove it. The umbra is the hollow 
of the vortex ring and is therefore a region of pure absorption 
such as the spectroscope demands, of low heating capacity 
crossed by fine spectrum lines as would happen in viewing the 
gaseous convection currents of the general regions between 
the photosphere and the nucleus. Even Dawes* dark specks 
in the nucleus are accounted for by a theory to be mentioned 
later. The penumbra is the vortex ring itself, at its early de- 
velopment' quite free from filaments. These soon appear when 
the sectional rotation loses velocity, or as the surrounding 
pressure allows some circulating lines to grow, while others 
do not, and thus separates the smooth ring into creases or 
folds which tend more and more to rotate as individual sec- 
tions or secondary rings. These grow in distinctness and are 
perceived as filaments with club shaped extremities resembling 
the perspective effect of a circle viewed nearly across its cir- 
cumference, the rotation being observed in the spectroscope as 
upward from the interior and outward radially from the center 
till the motion disappears under the adjacent compressing 
photosphere. A fact in detail of almost unquestionable power 
in demonstration of this theory, is that towards the ripe stage 
or end of life of the ring a section is seen to emerge into the 
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hollow of the ring and also to retreat into the photosphere just 
opposite to it. This is undoubtedly the result of an effort to- 
preserve the law of vortex rings that the product of sectional 
a^'ea into the mean velocity of rotation tends to invariability ». 
and hence that as the velocity diminishes the radius of rota- 
tion increases. In fact the whole ring enlarges under this law^ 
but a sectipn shows it clearly because the retreat in both di- 
rections is a sign of the motion continuing circular. The life 
pf the ring endures while its force of velocity is being ex- 
pended, but upon a sufficient retardation and enlargement^ 
breaks up into meaningless wisps, while the photosphere hfth- 
erto thrust aside, encroaches in the reverse order of the maa- 
ner of appearing. Several rings maybe ejected successively^ 
from the same. region of the nucleus and these following each 
other in close order would produce a combined disturbance in 
the photosphere, to be afterward regulated by the quick rer 
pijlsive action between two or three adjoining rings so fre- 
quently seen to take place in a fresh group. The crevasses, 
a-re irregular types where the rings becpme distorted, the um- 
bra annihilated, while the penumbral appearance seen in con- 
tiguous positions indicates a rotation of true filaments which 
may endure a long while. The region of a group of spots be- 
comes the center of principal activity whereby the internaj 
tension would exhibit itself as flames bursting through the 
lines of fracture between the ring and the photosphere. In a 
study of the spots a large margin must be allowed for irregular 
appearances when dealing with such unstable elements, in the 
midst of the action of tremendous forces of all kinds, and over- 
lying prominences and faculae must be carefully distinguished 
from the true ring. The perplexity which has always attended 
the preservation of whatever uniformity of structure the spots 
possess seems to be fully met by regarding them as vortex 
rings. 

This view of the origin of sun-spots would appear to exclude 
e.very theory of the interior constitution of the sun other thaii 
the one indicated. The question of the distribution of heat 
is at once raised and the vortex ring fortunately becomes a 
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rough means of analyzing it. The heat of the surface is the 
maximum, that of the ring less, and the hollow within the ring 
relatively ^ minimum. But the ring is a courier direct from 
the interior of the nucleus, the umbra is a direct vision of the 
intra-convectional region and Dawes' black points are the sur- 
face of the viscous shell. Therefore unless we are prepared to 
admit a. great change in transmission, we must assume that 
the envelope formed by condensation at the extremity of the 
cooling radius has become an area of combustion, and is agtu- 
s^Uy the hottest layer of the 5un, the convectional region hav- 
ing half the heat, and the interior of the core four-fifths, while 
'the heat of the shell is as yet undetermined. This staten^ent 
needs such modification as to allow for the loss of heat in the 
«xpa,nsion of the ring. The eighty per c?nt at the surface 
may really indicate a temperature within the nucleus even 
lligher than that of the photosphere, since more than one- 
fifth might be lost when released from the pressure restraining 
It before ejection. A measurement of the change of heat ii> 
the penumbra during the waning of the ring would throw 
some check upon a solution of this point. It is however clear 
that the high pressure inside the nucleus assumed by some 
theories can hardly be allowed, since relief at a fixed tension 
is afforded by the frequent discharge of the rings. Their pres- 
sure therefore indicates the maximum within the core. This 
argument would tend to revert to the medium temperature 
theory, say 10,000 degrees Cent., and it must be concluded 
from all the data that the state of solidification has set in at 
the surface, although but slightly advanced beyond thick 
liquefaction, while the gaseous condition of the interior is only 
approaching the formation of a liquid. 

There is, however, one escape from this conclusion of a com- 
paratively cool interior, although it lies in a direction which 
must at the outset be conceded to be conjectural. The analogy 
is based upon the laws of vibrations as known in sound and 
light. Beyond certain limits sound becomes inaudible as pos- 
sessing periods of frequency too small, or too great ; the same 
is true of light jn every particular. In both directions of the 
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few and the many vibrations in the unit of time, light and 
sound become super-sensible although it is not presumed that 
vibrations cease actually at the boundaries imposed by our 
sensations. The character which distinguishes heat from light 
tio doubt consists more in the form of the wave pulses than in 
the frequencies ; the like theorem being true of actinic fays. 
The analogy becomes fascinating to assume that heat vibra- 
tiqns at certain limits become super-sensible. Hence a type 
of heat may exist within the photosphere which would be 
practically inoperative, until reduced by cooling to the degree 
of' frequency perceived in the photosphere ; so that if the en- 
velope were suddenly stripped off, other things being un- 
changed, the nucleus would seem cool and black from its con- 
dition of super-heat and super-light. Thus Dawes' black 
specks may be taken to indicate a comparatively cool or a 
super-heated surface of the core. A cool interior supplying 
by its contraction, fuel for the terrific conflagration of the 
granules is the simplest working hypothesis, and it is hoped 
that further analysis may justify it, inasmuch as the second 
theory of super-heat must remain beyond the range of verifi- 
cation. 

This mechanical construction of the sun will account for all 
the phenomena of the spot periodicity, zones, and equatorial 
acceleration in longitude. First considering the figures of the 
•envelope and the nucleus in a state of rest, it is perceived that 
the envelope is a true spherical shell of low specific gravity, 
held in position by the tension of radiation on the inside, and 
on the outside by the forces of condensation and gravitation, 
being a state of equilibrium so far as the average shape is con- 
•cerned. The mutual adjustment continually going on tends 
to propagate great waves as resultant sinkings and heavings of 
the surface which are detected in the"r6seau photosph^rique " 
of Janssen, or in the change of diameters, measured by several 
observers, also in the continual interchange of pressure pro- 
ducing prominences both outside, as visible, and inside but 
hidden. The forces thus arrayed are sufficient to account for 
the fluctuation of the solar surface, while the general effects of 
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-combustion add the |>eculiar disturbances known as faculae in 
the upper regions. The distinction of photosphere from re- 
versing layer and this from chromosphere and corona, is some- 
what arbitrary though of course followed closely by the super- 
position of the layers under the laws of specific gravity and 
tension produced by heat. 

The nucleus is spherical before rotation, but after it revolves 
the figure changes strictly according to the laws of solid or 
viscous bodies, assuming that of an oblate spheroid, whi4e the 
-envelope partaking of the same motion has far less tendency 
to elongate, since the forces of tension are strong enough to 
overbalance the centrifugal velocity of the equator by a 
thrusting of the polar regions. The central oblate spheroid sur- 
rounded by a spherical shell contains the data for the solution 
of our problems. 

As a viscous body under rotation assumes this new figure 
with major and minor axes, there is developed by the pull at 
the equatorial regions a circle of structural weakness in two 
latitudes above and below the equator, determined by the ve- 
locity attained. This circle of diminished strength on the 
outer layers is near the intersection of the circle and ellipse of 
revolution forming the original and ultimate bodies. The 
strain produced by the contraction of racfiation will seek re- 
lief by the path of least resistance, so that the vortex rings 
should be ejected on the average at the two parallels north 
and south as before indicated. The question of maximum and 
minimum activity is simply the natural ebb and flow of forces 
seen in all such operations, and although probably following a 
general average of recurrence can hardly be constrained within 
rigid periods in all the details. Thus the eleven year period, 
with its fluctuations from seven and a half to fifteen years ; 
the shorter time between minimum and maximum, with the 
longer interval from maximum to minimum ; the contracted 
zones at minimum and the expanded belts of spots at maxi- 
mum ; the non-occurrence of spots at the equator and in 
higher latitudes, except near the poles where another weak 
structure should appear ; the ejection of rings singly, in pairs, 
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or in groups, and the observed recurrence of them in the same 
positions : these and other phenomena are the simple outcome 
of the mechanical and physical conditions that evidently exist. 
The main feature of the figures as a combination, is that th^ 
equatorial regions of the nucleus must be nearer the envelope 
and the polar regions farther from it. The difference in length 
between the equatorial radius and the polar radius, is the ad- 
vantage in length of path that a body projected from the 
equator would have over one projected from the poles, and the 
intermediate regions pass through a continuous variation of 
this distance. The shorter the path after projection, the 
greater is the impact in a ratio depending upon the square of 
the time, provided the change in acceleration has the saqie 
retardation in all cases. The projectile has the tangential 
velocity of the surface at the point of escape, which diminishes 
from the equator to the poles, and also the velocity of projec- 
tion. The resultant path is a parabola, and the body projected 
at the equator will have a greater relative velocity on striking 
the envelope than would a body at the poles, supposing the 
force of normal ejection to be the sanie. The tangential comr 
ponent of this excess of velocity will tend to accelerate the 
equatorial regions of the envelope and will impart exclusively 
a movement in longitude in the direction of rotation. Tl^e 
continuous bombardment of radiation and ejection of the vorr 
tex rings will constantly accelerate the equatorial zones in 
which the spots are observed. Here we have a complete set 
of data for a study of the inner life of the sun. The sun-spot 
latitude, which is best obtained at minimum as freed from ex- 
traordinary circumstances, will give the circle of latitude 
drawn at the structural weakness of the ellipsoid, and from it 
there can be computed the ellipticity of the figure of equal 
volume with the sphere at rest. This latitude seems to be 
about 23 degrees north and south. The acceleration of the 
equatorial zones being about two days in twenty-five, will pro- 
vide data, for the velocity of motion through a space equal to 
the difference between major and minor axes, counted from 
the velocity acquired at the extremity of the equatorial cool- 
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ing radius, and thence the length of the path between the nu- 
cleus and the envelope Being combined with the latitude of 
weakness, ought to produce a good result for the velocity of 
rotation of the nucleus of the sun, the mass and density of the 
same, and probably the forces of ejection. It seems useless to 
encumber this paper with any details of computation consider- 
ing the paucity of the right kind of observations, therefore the 
outline only is briefly indicated. It is also to be suggested in 
this connection that the most minute observations upon the 
life of the vortex rings be instituted, including the exact 
length of days they possess, the rate of diminution of velocity 
to be discovered from the increasing sectional areas, a detailed 
study of the filaments as a means of measuring the pressure of 
the surrounding photosphere and hence the general tension of 
the enveloping shell. Numberless interesting solutions sug- 
gest themselves, as, for instance, the slight tendency of the 
^pots to approach the equatorial or the polar edges of the 
zones from the positions where they were generated, doubtless 
following a natural law of seeking calmer regions ; or the dis- 
tinction between sharp crested granules, at the poles or equa- 
tor, and the rounded granules in the spot zones, which would 
be due to the conflicting and more tangentially arrayed cur- 
rents here than in the polar and equatorial portions of the 
photosphere ; or to the tendency of the faculae to lag behind 
the spots, caused by the advance of the ring under the influ- 
ence of its tangential motion which results in the apparent 
western side first breaking in, while openings are made in the 
rear through which the prominences burst forth ; the evident 
eff"ort of two principal spots of a group to swiiii^ the connect- 
ing line so as to point east and west and thus follow the direc- 
tion of the current ; the appearance of the ^ray and rosy veils 
under the umbra, which may be shreds of the photosphere 
torn down and across the opening by the draj^^ of the ring on 
its side; Ihe fine dark lines interspersed with bright ones in 
the umbra, as surmised by Professor Young, due to the general 
action of the convection currents below, but which may pro- 
ceed outwards by means of the puff of the motion of the ring; 
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and there are doubtless many more not mentioned in this 
hasty rdsum^. 

The usual occurrence of electric terrestrial storms as an ac- 
companiment of the outburst of new spots, which is detected in 
the disturbance of magnetic currents and auroral displays, yet 
remains to be noticed. From the 1st of September, 1859^ 
when Carrington saw an electric discharge upon a spot and 
thus caught the sun in " the very act," this sequence of events- 
has been often described. The vortex ring having an im- 
mense superficial area rotates with tremendous velocity in its 
fresh vitality, and encountering the resistance of the photo- 
spheric clouds becomes a machine for generating free fric- 
tional electricity upon a vast scale. The particles of condens- 
ing metallic vapor, possibly in the shape of incandescent dust 
as some suppose, become the points of ignition, so that we^ 
have a multitude of electric arcs. An analogy is knowji in the 
electric flashes accompanying the eruption of volcanoes where 
the impact of fluids upon suspended particles of dust in the 
aqueous vapors is a sufficient cause ; also in the ejection oF 
steam upon any hard substance. The rotation of the vortex 
ring thus generating electricity, is a striking confirmation oF 
the theory, and the amount of electricity produced becomes a 
measure of the force expended in the rotation, so that we have 
here another path back to the vital power of the sun*s nucleus. 
A final corollary seems to be desired, namely, that this prooF 
of the production of free electricity by one type of phe- 
nomena, may be only a fraction of the same thing going on 
more persistently over the entire photosphere by the friction* 
of the metallic clouds and prominences chafing against each> 
other. In other words, frictional electricity, though resorted 
to for the explanation of some facts, has not been assigned a. 
position of sufficient influence in extra photospheric phe- 
nomena. The sun may well be surrounded by an electric at- 
mosphere extending far beyond our earth, of diminishing in- 
tensity as distance from the sun increases, in which there is a. 
tendenc^notjonly of repulsion but physical suspension, caus- 
ing both enormous velocities by its own motion, and enabling^ 
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ejections to travel far in the presence of great forces of gravity. 
The prominences and* the faculae play about the lower and 
denser regions of it ; the corona is a suspension of particles 
held between the rival powers of gravity and electricity, di- 
minishing in extent during minimum periods of the sun*s ac- 
tivity when less electricity is produced, thus enabling gravity 
to contract the dust and show it more clearly by reflection ; 
the reverse taking place at maximum periods of activity. Pos- 
sibly the quadrilateral or equatorial structure of the corona is 
directly related to the region of principal generation of the elec- 
tricity while the lawlessness of its form is easily comprehended^ 
if not explained. The phenomena of the zodiacal light, the 
aurora, and the structure of comet's tails are but manifesta- 
tions of the contention of the laws of gravitation and electric 
repulsion, acting upon minute particles whose masses are much 
less affected by the force of gravity than their surfaces are by 
the force of frictional electricity. 

The author will be gratified to feel that some light may^ 
have been thrown upon these perplexing problems, though it 
cannot be hoped that the best analysis has been bestowed up-^ 
on the numberless details of operation. If a part is correct 
there opens before us a vast new field of investigation and re- 
search. 
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MISS M. E. BYRD.* 
For the Messenger. 

Everybody looks at the sky, but it is well nigh painful to- 
any student of astronomy to consider how thoughtless and 
aimless this looking is. 

To-night if everyone would begin to look with some definite 
object in view, and would do some thinking as well as looking^ 
many would be surprised to find how soon there would be a 
"new heavens" for them. 

The first steps toward this end are very easy, and^o zxiy 
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MTho care to help themselves or others to a little new pleasure 
in looking skyward, the following hints are addressed. They 
are given with no claim to originality, but with the hope that 
^ome one may find something suggestive. At first two things 
only are necessary, a note-book and a motto. For the former 
anything whatever in the shape of a blank book will answer 
the purpose. For the motto, nothing better can be found than 
a saying from a letter of the poet Gray, " Half a word fixed on 
or near the spot is worth a cart load of recollection." The 
first thing to be done is simply to go out and look at the 
sky. For once, turn an earnest, attentive gaze heavenward. 
Frankly face the question : **Do I have any clear idea of how 
the sky looks.?" 

I verily believe that ifthe spirits of the air some night should 
roll away the canopy of our heaven, and spread over us some 
section of the Milky way, with a different configuration of 
stars, many intelligent people would never know the difference 
until they were told. 

So first and foremost the question is, ** How shall I describe 
the sky to-night } " 

The following are suggested as guiding questions that will 
help to answer the main one. Are there just as many bright 
stars in one part of the heavens as in another } Toward the 
south quarter do I find a number of bright stars that charac- 
terize that part of the sky ? Can I arrange them in some 
group so as to fix them in mind, that is in a triangle, parallel- 
ogram, five sided figure or any easy configuration ? Can I in 
like manner fix other groups toward the north and east ? Is 
there any connection between the bright stars and the Milky 
way ? How is the Milky way placed in the sky ? That is, 
does it lie toward* the north or south horizon ? Does it inter- 
sect the horizon ? If so, where on the horizon are these points 
of intersection } Is the breadth of the Milky way uniform ? 
When these and similar queries are answered a description 
should be written out on the spot, accompanied by sketches of 
two or three striking groups of stars copied directly from 
different parts of the sky. Doubtless this first description will 
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seem rather crude to the observer himself; and it will not be 
amiss to spend some time on a number of evenings in correct- 
ing and completing it. The sky can be divided into sections 
by imaginary lines, and several nights devoted to each. In 
mapping these sections it is well to employ two or three sym- 
bols for stars of different degrees of brightness. Directions 
are readily checked by connecting any three stars in the copy 
and noting whether the angle thus formed corresponds with 
the similar angle between the same stars overhead. In meas- 
uring distances in the sky have nothing whatever to do with 
feet and inches. 'Let the unit be the distance between two 
familiar stars, and in imagination lay it off a certain number of 
times from star to star as the sketch progresses. * 

The star watcher's experience will be very unique, if a score 
or two of questions do not suggest themselves to his mind be- 
fore the sky-picture is finished. Whatever the number all 
should be carefully entered in the note-book. Some of them 
very likely lie beyond the ken of the most powerful astrono- 
mer, and some are not too difficult for the school girl to an- 
swer. But before entering upon the consideration of the 
easiest, it will be a matter of convenience to have names for 
some of the bright stars and groups of stars. Astronomers 
are not interested in the ancient grouping of the stars into 
constellations, and hardly anyone cares to puzzle out the fig- 
ures of maidens, horses, beasts and birds, but for those who 
look at the heavens without telescopes it will be pleasant and 
convenient to have their hosts marshalled within the old 
boundaries, and under the old familiar names, Orion, Taurus, 
Gemini, etc. It will be hard to find any star map, old or new, 
that will not give all the information desired ; and anyone who 
has followed the preceding hints will have no trouble in locat- 
ing the bright stars of the different groups within their proper 
limits. 

Even thus humbly equipped, the star gazer is ready to find 
out the answers to an almost unlimited number of simple 
questions. Very likely on the first night the question comes to 
mind, How do the stars move } The first step toward the an- 
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swer is to break up the general question of motion into several 
specific questions. Are the stars moving away from or toward 
one another ? Are those in the handle of Ursa Major com- 
ing together, or those in Orion's belt moving apart ? Or, on 
the other hand, is the whole host of heaven moving on in 
marching order, each one always keeping just so far from every 
other ? If careful sketches of the same groups of stars have 
already been made on different nights, a close comparison of 
these should enable the observer to decide whether or not the 
stars have, with regard to one another, a relative motion that 
can be detected in a short time by the naked eye. In case the 
question is decided by maps, made for the purpose, attention 
should be given to relative rather than absolute distances, and 
care should be taken not to be biased by any theory. 

Having ascertained that for naked-eye vision the stars re- 
main always at fixed distances from one another, it will per- 
haps require some patient watching and mapping to discover 
the path and direction taken in their orderly march. Orion is 
not for this purpose a favorable constellation to observe, nor is 
the answer that the stars rise in the east, pass across the 
heavens and set in the west, at all satisfactory. The question 
naturally following has very probably not been entered in the 
note-book at all. If the time when a particular star comes 
into line with two fixed terrestrial marks is noted one evening, 
and on the following evening the time is observed for the same 
position of the same star, will the interval be more or less 
than twenty-four hours } Or in other words, is the sidereal 
day longer or shorter than the mean solar day } As an illus- 
tration of a particular method of answering, the following 
note-book extract is given : 

"Northfield, Minn., P^eb. 28, 1887. I selected Beta of 
Ursa Major as my star, and the middle bar of the window sash 
as the object behind which I waited for the star to disappear. 
I took my position at the window and noted it carefully. At 
yh iSm P. M. I began watching my star, and at yk 22m P. M. 
it passed behind the window sash." A similar observation 
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on the following evening enabled the youthful observer to se- 
cure quite an accurate answer to the question proposed. 

The moon is the most accommodating of heavenly bodies 
in furnishing a large number of simple questions some of which 
can be answered in a single clear night. Does the moon move 
among the stars ? In what direction ? What is the hourly 
rate of motion in terms of its own diameter ? Two sketches 
of the jnoon and a familiar star near it furnish the necessary 
data. It will be well to have an interval of three or four 
hours between the sketches, and to take the comparison star 
near enough to measure its distance conveniently in units of 
the moon*s diameter, /. e,, in half degrees. The following are 
some of the queries that require longer consideration. In any 
given month is the moon's path in the sky constant ? Help- 
ing questions are such as these : Does the moon uniformly 
rise and set at the same points on the horizon ? Midway be- 
tween these points is the zenith distant constant ? If there 
are variations, is the moon moving toward or from the zenith.? 
Are the points of rising and setting moving north or south > 
It is not at all difficult to fix the point where the moon rises. 
Choose some convenient place for watching just as the moon 
begins to appear above the horizon, select two fixed objects 
in line from the point of view, and so taken that the line pro- 
longed will meet the horizon not very far from the moon, then 
calculate how many half degrees, i. e,y full moons, can lie be- 
tween the imaginary point of intersection and the moon's 
center. In the note-book entry, the fixed objects should be 
sketched or described so as to be easily identified on following 
nights. After this there comes the still larger question of 
comparing the paths of the moon in different months. If one 
can only have patience to collect data throughout the year, 
some interesting results will be secured. In order to trace the 
real path of the moon among the stars for any month it is best 
to make a rough map of the constellations of the zodiac above 
the horizon, and locate upon it the position of the moon ob- 
served as often as possible on different nights and at different 
hours of the same night. An easy way to make the map is to 
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lay tissue paper upon the printed map and then mark dowrt 
such stars as are desired. If such maps are made for different 
months, the question can be answered whether the moon*s path 
among the stars varies from month to month. 

Many of the questions about the moon will apply to the sui> 
and some will not be found too difficult. There is also a 
whole host of questions about the relative paths of the sun. 
and moon which will naturally suggest themselves. 

One can hardly look up at the bright planets without wish- 
ing to find out something about them by personal observation^ 

They are surely moving among the stars. 

Are different planets moving with equal rapidity.^ Is the- 
same planet always moving in the same direction } How is- 
the direction in which a particular planet moves at a given 
time ascertained ? For these and like queries, careful sketch- 
ing is the key. As a more definite hint for the last, a portioa 
of an entry from a school-boy's note-book is added. Saturn^ 
has been carefully located on two sketches including the prin- 
cipal stars in Gemini, the interval being nearly a month. " I 
compared these two maps, and found on the first map that 
Saturn was situated about midway between two stars in 
a small triangle [stars of triangle identified on celestial globe],, 
which is about one half further from Pollux than Castor is. In 
the second map I find that Saturn has moved away from this 
first position toward the west. In this map it is seen a trifle 
above and away from this triangle and away from Pollux. So 
I find that Saturn is moving westward slowly and the motion 
is retrograde." 

Looking at the sky according to some such method as has 
been suggested will not be found burdensome or difficult, and 
it cannot but give pleasure to replace the general vague no- 
tion of the spangled blue overhead with some simple but defi- 
nite knowledge about the sky. 



In Mr. Colbert's article in No. 52 entitled, ** Motion of the 
Lunar Apsides," readers will please correct the ninth line from 
the bottom of page 53 by dropping r* 
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For want of space last month much current matter was de- 
ferred, some of which we present this month though it seenls 
late. 

By adding sixteen pages to our ordinary size, we are able to 
give, in this number, a variety of extended articles and a table 
■of news which our readers may deem acceptable dessert. 

A Catalogue of ijo Polar Stars. — Some time ago we re- 
ceived the first paper of a series having the title, **A Catalogue 
of 130 Polar Stars for the epoch of 1875.0 resulting from all the 
available observations made between i860 and 1885, and re- 
duced to the system of the publication XIV of the Astronom- 
ischen Gesellschaft by William A. Rogers and Anna Winlock," 
of Harvard College Observatory. 

In an introductory note. Professor Rogers says that his con- 
nection with the paper is limited to the methods of discussion, 
and to the examination of numerical fesults obtained. Beyond 
this that all credit belongs to his assistant. Miss Winlock. 

The purpose of the paper is to discuss the modern observa- 
tions of such polar stars north of +70° as are found in the 
H. C. Catalogue of 1213 stars. The reduction of stars under 
85** north declination involves only the second or third powers 
of the time for sufficient accuracy, for a limit of fifteen years 
but for stars near the pole the problem is more difficult. To 
show how the work was done, the necessary formulae are stated 
in order fully, and the tables of constants given, and then a 
single star, Groombridge 11 19, for epoch 1875.0, is taken as an 
example and its reduction shown in detail. The method of 
the paper seems excellent and complete, and is a credit to its 
authors. We shall look with interest for succeeding papers, 
in which will appear the discussion of other kindred topics 
named at the close of the one before us. ' 



? Star Spectroscope for the Great Equatorial of Lick Observa- 
tary. — By kindness of J. E. Keeler of Lick Observatory, we 
hjB^ve been furnished blue . prints of the drawings designed by 
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himself, for the new star spectroscope to be used with the 36- 
inch equatorial. The scale of the two drawings is each J4 ; 
one presenting the instrument in outline, and the other show- 
ing its details. In examining the details of the latter draw- 
ing, some points and facts are noticed which are new to us,, 
and all are exceedingly interesting. 

The ratio of the aperture to the focal length of the great 
objective is i : 18.7. 

The aperture of the telescope object glasses for the spectro- 
scope is 2 inches, and the focal length is 19.5 inches. 

Electric illumination is provided for micrometer and vernier 
readings by a neat design which is new to us though it may 
not be to others. The instrument is to have a comparison ap- 
paratus for metallic and gaseous spectra, a diagonal eye piece 
for viewing the slit from behind and a reversion attachment* 
The spectroscope is also to be adapted to general laboratory 
work. 

Some of the interesting matter in Mr. Barnard's article on 
Celestial Photography which appeared in number 52 was 
taken from the Observatory and the Annual Report of the 
Paris Observatory. He promptly says that he inadvertently 
failed to give credit to those publications as he should have 
done. 

Kepler^s Correspondence in i^PP- — In the introductory note^ 
given last month, to the first letter of this important corres- 
pondence, it was stated by whom these three missing letters 
were found, their respective dates, to whom written, and by 
whom published in 1886. 

That part of the first letter already published is a specimen 
of the letter-writing of young Kepler at the age of 27. His 
style is easy and fascinating, often witty and sometimes sensi- 
tively delicate, in righting the opinions of his friend on topics 
belonging to his loved science. 

We are not surprised to learn that our readers in different 
part3 of the United States are already anxious to possess these 
letters and have written for the address of the publisher. It 
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is probably true that all owners of Kepler's Opera omnia 
would also desire the pamphlet. Such persons should address 
Victor Dietz in Altenburg (Sachsen-A.), Germany. 

The side lights to these letters which appear in the intro- 
duction and the supplemental notes are instructive. From 
them we learn that Herwart's correspondence with Kepler be- 
gan in 1597, and Kepler was soon involved in it so much that 
it burdened him, and when so taxed he once said, ** There is 

at the monastery Herwartus who keeps asking questions 

of such a nature that he torments me with great labor, driving 

me to all those things which Crusinus would have advised." 

• 

These questions pertained to the classics, astrology and as- 
tronomy. Herwart first touched on the declination of the 
magnetic needle in 1598 and Kepler became intensely inter- 
ested in that subject in the following year on account of the 
" Historia navigationis in Arctum " which had been published 
the previ<5us year. Kepler refers to that book in a postscript 
to the first letter. It is noticed with some interest that soon 
Kepler seeks information from Herwart concerning the mag- 
netic declination in Portugal which the latter gives. Then 
Kepler advances the hypothesis that, "The magnetic needle 
points to the pole of the earth which was so by creation ;" and 
later that, "Magnetic force is of the same kind as gravitation." 
Other points will be mentioned next time. 



Haynaldshen Observatorium, — A report containing 178 
pages, folio size, with numerous double-page plates prepared 
by Dr. Carl Braun, S. J., giving account of the work done at 
the above named observatory, during the last year finds wel- 
come place on our table. While we have not space even in 
this large number to speak in detail of the many interesting 
topics presented therein, we must call attention to some, such 
as, the observation of sun-spots, method, reduction record and 
mapping of the same. Also the articles on electrical contacts, 
the passage micrometer, each of which is fully illustrated, and 
in which there are new and practical ideas that may be con- 
sidered with profit. 
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Recent Showers of Meteors. — Between Nov. 17 and Dec. 29, 
1886, I saw 375 meteors during 54 hours of observation. In 
January, 1887, the weather was very cloudy and only 57 me- 
teors were counted during 13 hours of work. 

A large number of radiant points have been determined but 
they apparently represent very feeble streams. The most ac- 
tive display observed during the last few months was from a 
center at i94°,+67°, between Dec. 18-28, which furnished 17 
meteors. The following list of radiants is sent in continuation 
of that printed in the SIDEREAL MESSENGER for Dec, 1886, 
p. 309 : 



Epoch of Shower. 


Night 

of 
Max. 


Radiant 

Point. 

R. A. Dec. 


No. of 
Meteors. 


Appearance. 


1886. 
November 17-18 


Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Jan 


17 

30 

30...... 

30 

29 

29 

5 

2 

20 

18 

22 

18 

25 

28 

24 

24 

28 

24 

24 

29 

25 


o o 

53 + 71 
190+58 
190 + 79 
81 + 22* 
27 + 71 
64 + 23 
105 + 11 
162 + 58* 
47 + 65 
80 + 24* 
194 + 67 
134 + 8 
98 + 31 
194 + 32 
129 + 19 
218 + 36 
115 + 32* 
184 + 39 
77 + 32 
231 + 52 

180 + 24 


8 
8 
6 
6 
5 
6 
5 
6 
5 
6 
17 
6 
5 
7 
5 
8 
7 
6 
5 
5 

5 


Swift, faint. 


Nov. 18-Dec. 5 


Swift, streaks. 


November 29-30 


Rather swifL bright. 


November 29-30 


Slow. 


November 29-30 


Stow, short^nd faint. 
Rather slow. 


Nov. 29-Dec. 1 


Nov. 30-^Dec. 5 


Swift, bright. 


Nov. 30-Dec. 6 


Very swift, streaks. 


December 15-29 


Very slow, trained. Faint. 


December 15-25 


Slow. 


December 18-2$ 


Swift, streaks. 


December 18-29 


Very swift, thin streaks. 


December 20-29 


Very slow> trained. 


December 21-28 


Verv swift^ streaks. 


December 22-24 


Rather swift. 


December 22-28 


Very swift, bright streaks 
Slow. 


December 22-28 


December 24-28 


Very swift, streaks. 
Slow. 


December 24-31 


December 28-29 


Rather swift, long. 


1887. 
January 25 


Swift. 







* Seen also in December, 1885. See Sidereal Messenger, Feb., 1886, page 61. 

I recorded nothing of the Leonids, Andromedes or Geminids 
in i886, observations being hindered either by moonlight or 
overcast skies at the special epochs of their return. 

Bristol, England, Feb. 27, 1887. w. F. DENNING. 



A valued friend of the MESSENGER calls attention to the 
fact that the photograph of the Nebula of Orion hy Dr. Dra- 
per was made with his ii-inch photographic refractor and not 
with an 18-inch reflector as stated in Mr. Barnard's article in 
our February number. It is also true that the aperture of Dr. 
Draper's reflector was 28 inches instead of 18. 



f 
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Comet dy 1887 (Barnard^ Feb. 16). — February 17, Mr. Bar- 
nard writes, "A new comet was discovered here on the night 
of February 16, at about loh 30W. It was very faint and mov- 
ing with astonishing rapidity to the northwest, i^nt 45^ west, 
and 5° if north daily. 

Ring micrometer comparisons were made with a 7th magni- 
tude star near which the comet passed. The star has not yet 
been identified. The following is the instrumental position of 
the comet at loh 58W, Nashville M. T.: 

R. A.=8A 4w gs, 
Decl.=— 16"* 15.5' 

Vanderbilt Univ. Obs'y. E. E. BARNARD. 



Orbit of Comet d i88y (Barnard), — From my own observa- 
tions of Feb. 16, 22, 28, I have computed the following orbit 
of the above comet : 

T = 1887 March 26.5258 

^ = 34° 334' ) 

^ = 134^ 47.8' [-1887.0 

/ = 139° 46./ ) 

log q = 0.002449 E. E. BARNARD. 

Vanderbilt Observatory, Nashville, Tenn., March 16, 1887. 



^rbit of Comet i88y d (Barnard, Feb, 16), — From observa- 
^■-<^nsof Feb. 22, 25 and 28, I have computed the following 
or lit of Comet 1887 d. 

Elements. 
T = 1887. Mar. 28.5188 Gr. M. T. 

^— ft = 36° 39' 34" ) 

ft = 135 26 22 >Ap. Eq. 

i = 139 45 10 ) 
log q = 0.00250 

Middle Place (C—0) 
JAcosi5=— 9" 

J i5 = + 2" 

O. C. WENDELL. 

Harvard College Observatory, Mar. 10, 1887. 



t 
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Occultations of Stars by Dark Limb of the Moon, — At the 
Davidson Observatory, San Francisco, Gala. Clark equatorial^ 
6.4 inches. 



Date, 

1887. 


Ob- 
server. 


• 



&4 


Star. 


1^ 


Local 
Sider'l Time. 


RemarkB. 








h m 8 




Jan. 28. 


G.P.D. 


90 


(? Stone 139).. 
tOTaiiri 


7 


5 46 41.6 


Obsn. good, (a) 


Feb. 2.. 


G. D... 


90 


6 


5 49 21.5 


Obsn. good, but star faint; obj. partly 
covered. • 














" 2.. 


G. D... 


90 


Argf. 15:680.. 


8.7 


7 50 23.5 


Disappearance sharp and sadden. 


" 2.. 


G. D... 


90 


^Tanri 

75Tauri 


4 


7 50 45.5 


Disappearance sharp and sudden. 


" 2.. 


G. D... 


90 


6 


7 51 23.4 


Disappearance sharp and sudden. 


" 2.. 


G. D... 


90 


Arg. 15:633.. 


6.5 


7 54 30.2 


Disappearance sharp and sudden. 


« 2.. 


G. D... 


90 


Arg. 15:635.. 


8.5 


8 31 21.7 


Disappearance sharp and sudden. 


« 2.. 


G. D... 


90 


B. A. C. 1391. 


5 


8 46 0U.6 


Disappearance sharp and sadden. 


** 2.. 


G. D... 


90 


B. A. C. 1394. 


7 


8 53 38.3 


Disappearance sharp and sudden. 



(a) Identity of this star somewhat doabtfal. Transit observations for time, for thi» 
and the observations of Feb. 2d, by G. D. 

Observers: G. F. D.= G. Fountleroy Davidson. 

G. D. = George Davidson. 
Geographical position of Observatory : 

Latitude = 37° 4/ 24.75" N. 

Longitude=i22'^ 25' 40.54" W. 



Public Parks and Scientific Institutions, — We notice that 
there is a bill before the Legislature of Illinois to empower the 
corporate authorities of public parks to set apart so much, or 
such parts of the public grounds, as may be desirable or neces- 
sary for Botanical Gardens, Astronomical Observatories, or 
other Scientific Associations, and to give these societies or as- 
sociations exclusive control of the sites so designated during 
their maintenance or continuance. The bill further provides 
that the corporate authorities before named shall have power 
to make, from time to time, such appropriations for establish- 
ing and maintaining the same as they may deem necessary for 
the advancement of scientific knowledge, or the promotion of 
the general welfare. 

In the main this seems to be a wise provision, although cer- 
tainly a novel one in this country. Such a plan would evi- 
dently awaken interest in scientific pursuits in the public mind 
and doubtless lead to useful support which ought to come from 
the public generally on account of corresponding benefit. 
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The drawback at once suggested is, that interruption which 
"Will seriously impair quiet and continuity in the pursuit of cer- 
"tain classes of scientific work. This and like objections can, 
liowever, be overcome in a considerable degree by wise plan- 
ning. We sincerely hope the experiment will be tried, for no 
one can doubt the popular educating influence of such a plan 
if managed wisely. 

Occultations of Stars in the '^Hyades'' at dark limb of the 
moon, Feb. 2, 1887: observed at the Chabot Observatory, Oak- 
land, Cala., Supt. F. M. Campbell, Director. 



star. 


Local Sidereal Time. 


Kemarks. 


•TOTanri 


5A 60m 14.80 
7 61 27.1 

7 65 16.2 

8 82 08.6 
8 46 60.7 


Apparently not instantaneous. 


^Tauri 


Good, instantaneous. 


-Ayg. + 15:633 

-Are. + 16:686 

:B. A. C. 1891 


Good, instantaneous. 
Good, instantaneous. 







^ Tauri was observed to emerge at ih 36^1 54.9jio5.OJ, a 
"weak observation, at bright border. 

These were all observed with the 8-inch Clark equatorial, by 
:Mr. Chas. B. Hill. 

The geographical position of the Observatory is 

Latitude, 37° 48' 05" N. 
Longitude, 8A ogtn 06.3J W. 

The Boyden Fund of Harvard Observatory, — By will of U» 
-A. Boyden $230,000 was left in trust to Harvard College for 
the purpose of astronomical research, ** at such an elevation as 
to be free, so far as practicable, from the impediments to ac- 
curate observations which occur in the observatories now ex- 
isting, owing to atmospheric influences." The first step in 
carrying out this will is to obtain knowledge of suitable places 
of sufficient altitude to secure the kind of observations sought. 
To this end Professor Pickering has issued a circular asking 
for detailed information on the following points : 

I. Latitude and longitude. Distance and direction from 
some town, or other well-known point. Height, and how de- 
termined. 
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2. Peak, pass, or table land. Character of surface : ledge, 
broken rock, gravel, or covered with trees, shrubs, or grass. 
Prevalence of snow in summer, and period during which the 
depth of snow in winter might obstruct the paths of access, or 
occasion other inconvenience or damage. Proximity of wood 
for fuel, and of water. 

3. Means of access, distance from and height above the 
nearest railroad station, wagon road, bridle-path, or footpath. 
Time of ascent and descent. Nearest post-office and telegraph 
station, and their distances from the proposed station. Near- 
est point of road kept open in winter. 

4. Observation of the rainfall at different seasons of the 
year. Proportion of the sky covered with clouds at different 
hours and seasons. These observations are desired at sunset, 
sunrise, and late in the evening. Such observations may also 
be made of a distant mountain peak, confining the evening ob- 
servations to moonlight nights. Observations of the barome- 
ter and thermometer are also desired. Information is wanted 
regarding the prevalence of very high winds ; the presence of 
dust, haze, or the smoke from forest fires, rendenng distant 
points invisible ; and all other meteorological phenomena af- 
fecting the value of the station for astronomical purposes. If 
there is a rainy or cloudy season, its duration ; also the regu- 
lar recurrence of clouds, thunder-storms, or wind, at any given 
hour of the day. 

5. Sketches or photographs of the proposed location, and 
of points on the road ; also of the view. 



We are sure that our genial friend J. A. Brashear, of Alle- 
gheny, Pa., will not object to our telling the readers of the 
Messenger what is now going on in his new shops in the in- 
terest of astronomy. He has the order for the great spectro- 
scope for the 36-inch equatorial of Lick Observatory, else- 
where particularly spoken of; the mounting of a 6>^ inch glass 
for Francis G. du Pont, of Wilmington, Delaware ; a spectro- 
scope for the University of California ; one for another college; 
one for R. R. Beard, Pella, Iowa; a concave grating spectro- 
scope of large size for the University of Madison ; one for 
Geo. E. Hale, of Chicago ; and other astronomical instruments 
for some prominent American astronomers. 

Mr. Brashcar's work is receiving very favorable notice in 
Europe as well as at home, another mark of respect for Amer- 
ican industry and skill. 
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Brightness and Masses of Binary Stars, — In Observatory 
No. 1 20, W. H. S. Monck has an interesting paper on the re- 
lation of the brightness and masses of binary stars, depending 
mainly on the assumption that the mass of the smaller star of 
each pair is very small compared with that of the larger. The 
relation is independent of distance or parallax, but does use 
constants of photometry easily obtained by observation. 
Readers of the MESSENGER who may refer to the Observatory 
for the discussion of this method will please notice that the 
factor, in the final formula, P-r-P should be affected with the 
fractional exponent ^. 



Mr, Common's Photograph of Orion, — By our request, Mr.^ 
-A. A. Common of England has favored us with a copy of his 
photograph of Orion which astronomers in America have re- 
cently and justly spoken of with very favorable comment. This 
picture was taken by the use of Mr. Common's 3-foot reflect- 
in g telescope with particular details of exposure of which we 
not informed. The results obtained are excellent. 
In January last Mr. Common was himself at work on a larg- 
telescopc with which he expects to obtain even better 
suits. 

U. S. NAVAL OBSERVATORY. 



The Great Equatorial, — Observations of double stars will be 
^c>ntinued. Observations of previous years will be discussed 
^^ time and force will permit. 

Continuation of measurements of the fainter stars in the 
Pleiades. Completion of these observations if possible. 

Observations of the conjunction of the five inner satellites 
of Saturn with the minor axis of the ring, and the angles of 
position and the distances of the faint satellite Hyperion. 

Reduction and discussion of the observations of former years 
as time and force will permit. 

The Small Equatorial. — Observations of comets whenever 
possible. 
Observations of stars that need to be identified for the pre- 
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paration of the third edition of Yarnall's catalogue, now in 
progress. 

Observations of stars and asteroids for identification for the 
transit circle, and of such asteroids as cannot be observed with 
that instrument. 

Observations of occupations of stars by the moon whenever 
practicable. 

The Transit Circle, — Completion of the observations of mis- 
cellaneous stars for the proposed Transit Circle catalogue ; 
concurrently with these, observations of the sun, moon and 
planets. 

After the completion of the above observations (which, it is 
hoped, will be accomplished by the ist of March), the instru- 
ment will be dismounted for repairs, and will thereafter be 
used in observations of — 

The sun daily. 

The moon throughout the whole lunation. 

The planets, major and minor. 

Stars of the American Ephemeris, required for the deter- 
mination of instrumental and clock corrections. 

Miscellaneous stars, as may be deemed advisable. 

The observations of preceding years will be reduced as rap- 
idly as possible. 

The Transit Instrument, — Observations for the correction of 
the standard mean time clock daily. 

The Repsold Circle (at Annapolis), — Observations of the 
303 southern stars. 

The 59 refraction stars of the Leiden Observatory. 

Auxiliary stars of the Berlin Jahrbuch. 

CAPT. R. L. PHYTHIAN, U. S. N. SUPT. 



BOOK NOTICES. 



The Elements of Geometry, by Webster Wells, S. B., Asso- 
ciate Professor of Mathematics in the Massachusetts Institute 
of Technology. Messrs. Leach, Shewell & Sanborn, Publish- 
ers, Boston and New York. 

This bopk covers the usual ground of Plane and Solid Ge- 
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ometry, and in matter and arrangement its author lays no 
claim to originality. The course in Plane Geometry is divided 
into five books, followed by an appendix on symmetrical fig- 
ures, and a few interesting theorems on maxima and minima 
of plane figures. 

The remainder of the book is devoted to Solid Geometry, 
and is divided into four parts, the first treating of lines, planes 
and angles in space ; 2, polyedrons ; 3, cylinder, cone and 
sphere ; 4, the measurement of the cylinder, cone and sphere. 
The considerable number of brief and simple exercises given 
with the various topics is a helpful feature for the class-room 
as well as the private student. The publishers have done 
their part well and very neatly. 



A Treatise on Algebra, by Professors Oliver, Wait and Jones, 
of Cornell University, Ithaca, N. Y. Dudley F. Finch, 1887. 

In working out the plan of this new book tne authors have 
widely departed from the ordinary course of treating the sub- 
ject-matter of Algebra. They have aimed to prepare a treatise 
in such a way as to assume no previous knowledge of the 
branch, by laying down first the primary definitions and axi- 
oms and building on these to develop the elementary princi- 
ples in logical order, particular attention being given both to 
the matter and the form of its presentation. The new things 
that frequently meet the eye of the student of some experi- 
ence will be somewhat surprising, and some may stop reading 
to ask if these enthusiastic Cornell men are not getting a little 
unorthodox in their notions touching the good old creeds of 
the fathers in Mathematics, for there seems here to be great 
liberty of conscience that may unsettle time-honored requi- 
sites for college standing in Algebra if their standard should 
obtain general favor. 

The first twenty pages which treat of primary definitions 
and signs are largely given to the explanation and illustration 
of the mathematical language of the book, including the use 
of the ordinary signs and many others new, as subscript num- 
bers and superior numbers, letters, accents and signs, Greek 
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letters and fractional forms. On page*2, we notice that x-r-y 
is to be read '^ x over j." Is not that reading both inaccurate 
and inelegant ? . Carleton students are taught so. 

On page i6, under the first group of exercises for expression 
a^ with exponent by in parenthesis, with exponent c is to be 
read ** the ^th power" of ^ with exponent b. Suppose c is frac- 
tional or itself a negative quantity, would the direction be the 
best reading possible } When the exponent is a letter, variable 
or constant, is it not more accurate to call the superior an ex- 
ponent } No fractional or negative superior can be called, 
strictly speaking, a power or a root unless it be a fraction with 
unity for its numerator. The general plan of all this intro- 
ductory work is very excellent, and the thoroughness and 
completeness of the system will pay for the extra effort to get 
the increased vocabulary. The student will be led to think 
and express his thought more commonly in mathematical 
terms, and so easily acquire the peculiar habit of conciseness 
and directness that the study ought to furnish. 

Further on, some new topics and some unusually treated are 
found ; as, Absolute and Relative Error ; Continued Fractions^. 
Limits, Infinitesimals, Incommensurables, Derivitives and Im- 
aginaries. The subject of Infinitesimals finds suitable place in 
this Algebra as it ought to in every one, and the Imaginary is 
dealt with after the graphic method, which is certainly inter- 
esting if its language does sound like that of Quaterinons. 

This is an excellent book of reference for teachers, but too full 
for ordinary classes. It is best suited to students who have 
some knowledge of Algebra and Geometry before undertak- 
ing it. 

A Treatise on Trigonometry, by Professors Oliver, Wait and 
Jones, of Cornell University. Second Revised Edition. New 
York: John Wiley & Sons, 1884. 

Though not a new book, it is a pleasure to look over this 
Trigonometry, and call attention of the readers of the MES- 
SENGER to it as presenting the ordinary themes of Plane and 
Spherical Trigonometry in a very judicious and scholarly way. 
The copy before us is not provided with the ordinary tables. 

The publishers always do their part handsomely. 
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THE ECCENTRICITIES AND INCLINATIONS OF THE AS- 

TEROIDAL ORBITS.* 



PROFESSOR DANIEL KIRKWOOD. 
For the Messenger. 

The average eccentricity of the 264 asteroids whose orbits 
have been calculated is 0.157. This is about equal to the 
mean eccentricity of Mercury, and exceeds the maximum of 
any other major planet. An inspection of the table of ele- 
ments shows that while but one orbit is less eccentric than the 
earth*s, sixty-eight depart more from the circular form than the 
orbit of Mercury. These large eccentricities seem to indi- 
cate that the forms of the asteroidal orbits were influenced by 
special causes. It may be worthy of remark that the eccen- 
tricity does not appear to vary with the distance from the sun; 
being nearly the same for the interior members of the zone as 
for the exterior. 

The inclinations of the orbits are thus distiibuted: 

From 0° to 4° - - - 69 

4 to 8 - - - - 82 

8 to 12 - - - 59 

12 to 16 - - - - 31 

16 to 20 - - - 8 

20 to 24 - - - - 8 

24 to 28 - - - 6 

28 to 32 - - - - o 

above 32 - - - i 

One hundred and fifty-two — considerably more than half- 
have inclinations between 3® and 11°, and the mean of the 
whole number s about 8*^,— slightly greater than the inclina- 



* Extracted from ai ntpublUlicd woik on hi llifcf llanels. 
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tion of Mercury, or that of the plane of the sun's equator. The 
smallest inclination, that of Massalia, is o°4i', and the largest, 
that of Pallas, is about 35^. Fifteen minor planets, or nearly 
six per cent of the whole number, have inclinations exceeding 
20°. Does any relation obtain between high inclinations and 
great eccentricities } These elements in the cases named above 
are as follows : 



Asteroid. 


Inclination. 


Eccentricity. 


Pallas ^ 


»4o 

26 

26 

25 

25 

24 

24 

28 

23 

22 

22 

21 

21 

20 

20 


42' 
30 
29 
21 

57 
25 
19 
17 
55 
31 
35 
81 
59 
47 


0.288 


Istria 


0.353 


EnphrosQae 


0.228 


Gallia 


0.185 


w^thra 


0.380 


iBnkrAte 


0.236 


Eva 


0.347 


Niobe 


0.173 


Ennice 


0.129 


Electra 


0.208 


Idanna 


0.164 


Phocea 


0.255 


Artemis 


0.175 


Bertha 


0.085 


Henrietta 


0.260 







This comparison shows the most inclined orbits to be also 
very eccentric ; Bertha and Eunice being the only exceptions 
in the foregoing list. On the other hand, however, we find 
over fifty asteroids with eccentricities exceeding 0.20 whose 
inclinations are not extraordinary. The dependence of the 
phenomena on a common cause can therefore hardly be ad- 
mitted. At least the forces which produced the great eccen- 
tricity failed in a majority of cases to cause high inclinations. 



THE PHENOMENA OP COOLING ENVELOPES. 



FRANK H. BIGELOW.* 



For the Messenger. 

The argument for the sun-spots as vortex rings indicates 
that the sun is composed of a nucleus and a cooling envelope. 
An extension of the analysis to the characteristics of the solar 
system seems to fortify this conclusion by its explanation of 
several unsolved problems. 



* Professor of Mathematics and Astronomy, Racine College, Racine, Wis. 
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It becomes evident, therefore, that the questions of solar 
gravitation ought to be transferred generally from the apparent 
radius of the envelope to that of the nucleus, when the data 
for the sun's contraction are selected. The envelope of the 
photosphere now forming is the type of similar ones that have 
been constructed during the development of the sun from its 
original nebulous material. When the densities and angular 
velocities of the nucleus and its successive envelopes are com- 
pared, it is clear that they are relatively greater for the for- 
mer. Being intimately connected, the densities are in both 
cases increasing quantities, since the contracting core is giving 
off its lighter material to form the envelopes, which in turn 
must become heavier as they are formed later in time. The 
tangential velocity of the surface of the nucleus is a maximum 
which upon being transferred by radiation and ejection to the 
envelope induces in it a diminished velocity when reckoned in 
angular rotation. The central body of the sun is more viscous 
and dense, and rotates more rapidly than the observations of 
the envelopes would indicate. 

The normal reaction of forces resulting from the discharge 
of envelope material pursue parabolic paths which, extended 
backward into the nucleus, do not pass through its center, but 
.on the side from which rotation proceeds, causing the angular 
acceleration of the nucleus due to contraction to be retarded 
by a very significant amount in 4ts integral of time. The dis- 
charge of the same material produces also a heat reaction pro- 
portional to the work expending in the lifting. 

These considerations enable us to introduce important modi- 
fications into the usual statements of Laplace's Nebula Hy- 
pothesis. The principal feature therein contained is that 
equatorial rings are thrown off from the surface of the con- 
tracting sun whenever its angular velocity is sufficient to make 
the centrifugal overbalance the central forces, and that the 
planetary distances mark the stages of this process. The ob- 
jection is clear that such an accelerating velocity is incompati- 
ble with the apparent circular disk of the sun, being a total 
violation of the laws of mechanics. Upon the theory of cool- 
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ing envelopes no such acceleration is demanded, for it is cer- 
tain that wide intervals, increasingly so at the earlier stages of 
condensation, have existed between the nucleus and envelope, 
and that thus the formation of planets was never a phenomenon 
of the surface of the contracting sun. Also it is seen that the 
mechanical work of lifting these immense envelopes through 
the convectional spaces is balanced only by a retardation of 
the central angular velocities. 

An inspection of the orbital velocities of the planets, in 
miles per second, indicates approximately the acceleration of 
the successive envelopes, from which it is possible to compute 
the radius of the nucleus at each critical position. The prob- 
lem is very complicated, however, since it includes the consid- 
eration that the first materials to be thrown off were generally 
of low densities and would cool at greater radial distances. 
These suggestions tend to relieve analysis of some objections 
that have hitherto hindered mathematical investigations in this 
direction. 

The same theory becomes applicable to formation of the 
secondary systems. The envelope which changes into any 
particular planet, after having passed through the stages of 
solar shell and ring, and finally secondary sphere, still retains 
the capabilities of further contraction. Following the exam- 
ple of the central body it develops a succession of envelopes 
which become its attendant satellites. The uniformity in this 
process as applied to the sun and the planets should likewise 
be extended to the stars, and it therefore is a law of universal 
operation. 

The explanation of the origin of vortex rings proceeded 
upon the lines that the elliptical nucleus was surrounded by a 
spherical shell in which was produced an acceleration of the 
equatorial regions by the residual forces of the continuous 
bombardment. As the condensation of these materials in- 
creases, the figure of the spherical shell changes to elliptical, 
since the gaseous constitution tends towards greater densities, 
while the polar regions will be spirally drawn towards the 
equator and finally be laid bare under the tangential stresses* 
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At this stage the acceleration produced by the nucleus upon 
the ring will proceed rapidly, while local concentrations enable 
the ring to be drawn by the principal point of accumulation 
into a secondary sphere. This center of mass receives a mo- 
tion of rotation either direct or retrograde, from the moment 
of indifferent equilibrium, according as the following portion 
of the ring advances over and the preceding part is retarded 
under its center of gravity, or conversely. In the case of 
Neptune, when the general motion of the ring was very slow, 
it seems to have coiled up in a retrograde spiral, but from 
some minimum of orbital velocity the formation has been uni- 
formly direct. It should be considered that the motion of the 
central mass at first was very uncertain, and it is not incon- 
' <:eivable that there was an oscillation in it before its first rota- 
' lion took place. 

Some of the planetary problems now receive an obvious so- 
lution. The exterior group of planets are of great mass be- 
* cause the volume of their respective envelopes is in proportion 
to the law of the radii. Their density depends upon the ma- 
' terial originally composing them and it must have been quite 
gaseous. They have each gone through the process of form- 
ing several successive envelopes, Neptune one, Uranus four, 
Saturn seven, Jupiter four. The surface belts of Jupiter and 
Saturn each indicate such typical envelope phenomena, as 
"equatorial acceleration, unequal diameters, and the varying as- 
pects due to adjustment of the effects of radiation, cooling and 
gravity. The great red spot on Jupiter and the spots of con- 
siderable duration often compared to the sun-spots are there- 
fore signs of processes in the envelope now forming. Whether 
another Satellite can be cast off depends upon the degree to 
which condensation has already gone. The rings of Saturn 
look like the theoretical section of an unbroken envelope when 
the density layers are exposed. The observation that the 
principal ring is thicker, as shown by the bend in the shadow 
at that place, is also quite probable if they were formed by the 
evolution of a proper envelope. The present appearance of 
equilibrium may or may not be an anomaly of the natural 
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process. The asteroids present another peculiar type of de- 
velopment wherein a series of envelopes and a number of local 
condensations indicate their probable origin. The inner group 
of planets are of greater density than the outer, since a long 
continued expenditure of material from the sun would leave 
only heavy matter for their constitution. The asteroids there- 
fore seem to mark a decided increase in the density of the re- 
maining matter left for envelope formations. The cooling of 
the planets proceeds more rapidly as solid particles prepon- 
derate in the mass considered. It should be observed that the 
friction of such solids in gaseous suspension generates the 
force of electrical repulsion which we perceive has reached an 
enormous development in the sun's photosphere. 

The envelopes during their transformations will pass through 
many irregular forms and when they are regarded as screens 
upon the central luminary, it is apparent that the emission of 
light and heat to distant parts of the system will be controlled 
by their temporary condition. If the envelope is transparent 
a full transmission of solar energy takes place, but on being 
cooled absorption is greatly increased. Hence a long secular 
thermal variation occurs which will cause cosmical changes of 
a corresponding nature in the planets dependent upon the sun. 
They have gone through a series of fluctuations to be counted 
by the number of envelopes produced after themselves. The 
Earth has thus endured two cycles of diminished heat and 
light, while Venus and Mercury in turn surrounded the sun as 
envelopes. At the epoch of the Venus-shell the Earth itself 
was enveloped by the Moon and was thereby screened from 
the influence of solar changes, its own internal energies of heat 
being also vigorous. The rupture of the Venus and Moon en- 
velopes occurring somewhat simultaneously would again ex- 
pose the Earth, by that time much cooled, to the full radiant 
heat of the sun. The production of the Mercury envelope 
gradually reduced this heat to the amount remaining during 
the geological Glacial Period, but the disruption of it allowed 
the quick recovery of the maximum at the Earth, thus restor- 
ing the warmer climatic conditions existing after the ice re- 
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treated to the poles. The cooling of the photosphere, which 
is not relatively far advanced, points to a similar period of 
glaciation to come, only more severe and fatal by reason of 
continuous development in the same direction of expenditure. 

Finally the phenomena of the variability of the stars are 
seen to depend upon the same cause. The stars are necessa- 
rily going through these processes of envelope development, 
exhibiting a secular waning of light, so that Gould's surmise 
of a general variability of the stars is well founded. During 
the time of the disruption of envelopes the rotation about the 
central body of shells more or less broken will produce the 
quick maxima and minima changes of light observed to exist 
in individual stars. It may be possible, by close examination 
of the sequence of intermediate magnitudes, to reconstruct the 
approximate figure of the rotating interposed screen. This 
subject opens up a wide field for conjecture in the study of de- 
tails, but they can be verified by laboratory models of light 
effects, showing the velocity of revolution and the portions of 
the shell or ring broken away by its local attractions. 

Racine College, March 21, 1887. 



A METHOD OF DERIVING THE RIGHT ASCENSION AND 
DECLINATION OF A HEAVENLY BODY FROM SEX- 
TANT OBSERVATIONS, AND ITS APPLICATION 
TO THE DETERMINATION OF TER- 
RESTRIAL LONGITUDE. . 



SEVERINUS J. CORPIGAN, Washington, D. C. 
For the Messenger. 

The determination of the apparent position of a heavenly 
body, with the greatest possible precision, can be effected only 
by means of the complicated and expensive instruments of a 
fixed observatory. But, for some practical purposes, the ut- 
most attainable precision is not a prime requisite ; approxi- 
mate, yet entirely satisfactory, results can be easily obtained 
by any one expert in the manipulation of that simple but very 
efficient and comparatively inexpensive instrument the sex- 
tant. 
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This fact has led me to devise a method of computing, from 
isextant observations, the right ascension and the declination 
of any celestial body visible to the naked eye, or through the 
small telescopes which usually accompany the sextant. 

This method, while it is sufficiently accurate, is extremely 
simple and can be readily comprehended by any one at all 
familiar with the most ordinary processes of spherical trigo- 
nometry and their application to astronomy, i, ^., to the solution 
of the triangles formed upon the celestial sphere by the coor- 
dinates and the angular distances apart, of any two heavenly 
bodies. 

The principal observational data which are employed in the 
computation are the angular distances of the body, whose 
Coordinates are to be determined, from any two prominent 
fixed stars whose right ascensions include that of the body. 
This condition that the right ascension of the body should lie 
between that of the stars is not an essential one, but is im- 
posed simply as a matter of convenience in regard to the sign 
of a certain trigonometrical function as will hereafter be 
shown. 

The observed distances are not the true ones, because they 
are affected by refraction which operates so as to render the 
observed distances always less than the true ones. Represent- 
ing the difference in arc by q, or a correction to the observed 
distance, its value can be determined, in any case, through the 
solution of two triangles having a common angle 0, or the dif- 
ference of the azimuths of the two bodies, and the sides z\ Z' ; 
z^ Z; and d\ d, the first two quantities being the observed 
zenith distances of the two bodies ; the second two their zenith 
distances corrected for refraction, while d' and d represent re- 
spectively the observed and the true angular distances of the 
bodies from each other. As q is always small its value can be 
accurately determined by means of the following equation : 

sin q sin d' = cos Q (cos h' cos If — cos k cos H) + 

(sin h' sin H' — sin h sin H) (i) 



in 



which the quantities k and H are the altitudes correspond- 
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ing to 2 and Z, respectively. Since for each value of A' and of 
H' there is a corresponding value oi h and of Hy it is obvious 
that the second member of equation (i) can be easily tabu- 
lated in two parts, the arguments for both being h' and H\ 
Then, for any values of these arguments, we have only to take, 
from the first part of the table, the proper quantity, multiply 
it by cos Q, add to the result the quantity taken from the sec- 
ond part of the table, and multiply the whole by cosec (f. The 
resulting quantity will be the sine of the correction to be added 
to the observed distance in order to obtain the true one. The 
coefficient cos Q can be determined frpm the same trian- 
gles in the following manner : Let I =■ }i {z' + Z + (f) and 
<r = 2 — ^, then from the equation 

cos y^ Q — V(sin ^ sin <t. cosec z* cosec Z') (2) 

Q can be obtained. 

The second member of this equation can be tabulated in two 
parts, one for V(sin 2 sin d) and the other for V(cosec z cosec Z'). 
The arguments for the first part will be {z-\-Z) and d^ ; for 
the second part z^ and d' ; or instead of the zenith clistances 
z^ and Z\ it may be better to use the corresponding altitudes 
h' and H\ 

Then all that is necessary in order to find the value of Q is 
to take, for any values of the arguments h\ H\ and d\ the 
proper logarithm from each part of the table ; the sum of these 
logarithms will be the log cos Yi Q. It is to be remarked that 
into the above formulae only the mean refraction enters ; the 
corrections for the height of the barometer and of the ther- 
mometer being neglected. 

Since these corrections are, in most cases, very small and as 
they will be greatly reduced in the subsequent process of com- 
putation, the omission of them will not, generally, materially 
affect the final result ; but should it be necessary to regard it, 
X or the second refraction correction to the observed distance 
can be obtained from the equation 

x=^{q-^r)c (3) 

in which q has the value given by equation (i), r is the differ- 
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ence between the mean refraction of the two bodies, and c the 
dififererice between the combined barometrical and thermomet- 
rical corrections to these mean refractions. If desired, x can 
be tabulated for values of q, r and Cy which quantities are to be 
expressed in seconds of arc, and r and c are to be obtained 
from the ordinary refraction tables. For the tables to be con- 
structed by means of equations (i), (2) and (3), four place 
logarithms are more than sufficient, and in taking out quanti- 
ties from these tables, for any arguments, only first differences 
need be used in the interpolation. 

A third correction to the observed distance is necessary 
when the body observed is the moon or a planet, this correc- 
tion being simply the apparent semi-diameter of the body* 
which is to be applied to the distance in the usual way, additive 
if the limb observed be the nearer and vice versa. 

The computed data required are the right ascension and 
polar distance of any two selected stars. These coordinates, 
for all prominent stars, can be taken from the ephemeris for 
any given time. The process is then as follows : Select any 
two stars, one of them to the west and the other to the east of 
the body. Designate, in any case, the more westerly of the 
two as first star, and the other as second star. Let a repre- 
sent the polar distance of the former, b that of the latter, and 
D the included angle at the pole, or the difference of right as- 
cension between the stars. These polar distances and the an- 
gular distance between the stars form a triangle in which it is 
necessary to find this angular distance which we will call J, 
and the angle A included by a and J. This can be done by- 
means of the equations : 

tan c = cos D tan a \ 

c^=- b — c (either being greater) > (4) 

cos J = cos a cos c^ sec c ) 

By putting 5'= >^ (^ + ^ + -J ), and ^'= S^ — by we have, from 
which to find Ay the equation, 

cos y2 A — v(sin S' sin s^ cosec a cosec J) (5) 
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Then in the triangle formed by d^ or the corrected distance of 
the body from the first star, d^ or its corrected distance Ixoxtt 
the second star, and J, we have to find the angle B included 
by ^ and rf,. It is given by the equation, 

cos J^ -5 = ± V(sin S^^ sin s^^ cosec J cosec d^ (6) 

in which 5'^=j4(iJ + d,-\-d^, and s''=S''—d^, 

It is to avoid the use of the lower sign in this equation, that 
the condition was imposed that the right ascensions of the 
stars should include that of the body. But in some cases it 
may be advisable to take both stars on one side. In this case 
the lower sign would have to be used and the angle would be 
the supplement of J^ B, We have now a triangle in which 
the known quantities are the sides a and d^ and the included 
angle P = (A ± B), the lower sign to be used when the polar 
distance of the body is less than b. But the comparison stars 
can be so selected that only the upper sign need be used. 

It will be seen that P is the angle of position of the body 
with reference to the first star, and that this method is analo- 
gous to the differential method employed in connection with 
the equatorial, in which the distance is measured by the filar 
micrometer and the position micrometer measures the angle P. 

The third side of the triangle referred to above is unknown^ 
and is one of the required coordinates of the body, viz., the 
apparent polar distance. 

Calling it/, we have for finding its value the equations, 

tan e = cos P tan a \ 

e^= e — d^ (either being greater) >- (7) 

cos / = cos a cos e' sec e ) 

In the same triangle the angle /?, at the pole, included by 
a and/, is the difference of right ascension between first star 
and the body. Its value can be obtained from the equation, 

sin /?,= sin P sin d^ cosec/. (8) 

Adding D^ to the apparent right ascension of first star, we 
obtain the apparent right ascension of the body. Thus, by 
means of the above equations, the apparent right ascension 
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land declination of a celestial body can be determined. As a 
€heck, we can compute D^ , or the angle at the pole included 
hy p and ^, from the equation, 

cos J^ /?2 = V(sin 5'" sin s'" cosec b cosec /) (9) 

in which 5'"= J^ (^ + ^2 +/)» and s"'= S"— d, . 

The value of Z?2 derived therefrom is the difference of right 
ascension between the body and the second star, and if we 
subtract it from the latter it will give the right ascension of 
the body, and this will agree with that derived from the first 
star if the computation has been accurately made. 

When / is great this check will not be very rigorous. The 
most accurate way will be to compute D^ directly from b and 
d^ , as Z?i is computed from a and d^ . 

It is obvious that in the method above proposed we have a 
means of determining terrestrial longitude ; for, since it is ap- 
plicable to all celestial bodies visible to the naked eye, it en- 
iables one to determine from sextant observations the apparent 
right ascension of the moon, whence, by means of the proper 
tabular reductions, the geocentric right ascension of that body 
can be deduced. 

Then, by comparing this with the values given in the 
ephemeris for each hour, we can obtain the Greenwich mean 
time of the observation, using for this purpose the ** difference 
of right ascension for one minute," which is given in connec- 
tion with the hourly ephemeris. In view of the fact that the 
method of Lunar Distances for the determination of longitude 
at sea has /alien into comparative desuetude, and as the chro- 
nometer furnishes an easy and generally accurate means of 
obtaining a knowledge of the longitude, it may seem superflu- 
ous to propose this new method ; but, since cases may occur 
in which other than a chronometrical determination is advis- 
able or even necessary, and since the Lunar Distances still oc- 
cupy a prominent place in the Nautical Almanac, the pre- 
sentation of this method may be of interest, particularly as it 
possesses some points of superiority over the ordinary Lunar 
Distance method. 
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The first and probably the greatest is that while lunar dis- 
tances must be computed for each and every year, the method 
here proposed suffices, with the assistance of simple and easily 
constructed tables, for an indefinite number of years before or 
after any epoch that may be chosen, and the only quantities 
that are to be taken from the ephemeris are already given 
therein for other purposes. Second, the required observations 
are fewer and more easily taken than those for the ordinary 
method, an interval of even an hour being admissible for the 
purpose of making them. Third, the process of computation 
tends to greatly reduce instrumental or observational errors, 
by reason of a smaller quantity being deduced from a larger, 
and on account of the fact that the observed distances will lie 
opposite sides of the moon. Fourth, it does not require any 
knowledge whatever of the Greenwich time, or of the longi- 
tude, and only an approximate knowledge of the latitude, and 
is thus, in one sense, an absolute method. 

This method is as short and easy as that of the ordinary 
Lunar Distance. The process is about the same as that just 
given, differing mainly in this, that instead of the star places 
being the apparent ones for the time of the observation, they 
are the mean places for any chosen epoch. 

Thus the right ascensions and the polar distances and the 
trigonometrical functions thereof, which are required in the 
subsequent computation, and also the quantities computed 
from equation (4), can be regarded as constants and tabulated 
for each set of stars that may be selected. We can have as 
many sets of stars and their corresponding tables of constants 
as may be necessary to determine the right ascension of the 
moon at any time during the period of its visibility. 

The following is the form of the table referred to, arranged 
for a set of stars which I intend to use in an example illus- 
trative of the method : 
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TABLE IV. 



Epoch 


1885.0. 


First Star (Fomalhant). 


Second Star (Achemar). 


h m sec 


h m sec 


R. A, 22 51 17.66 


R.A. I 33 25.53 


a 59° 46' 06.7" 


b 32° 10' 43.4" 


Lon[ ^ 0.234518 


Log^ 9798799 


Lo^r^' 9.701995 


Log b' 9 927571 


Log a" 9 9365 


Log b" 9.7264 


A^ 33° 16' 10" 


^, 117° 0/ 44" 


\.o^m^ 8.3820 


Log Wj 7.4472 



J 

Log J 

/? 

Log «^ 



39 
0.200041 

9.6757 



06' 59" 



In the above table, a and b are the polar distances of first 
and second stars respectively. Logs a, a\ a'\ are the loga- 
rithms, respectively, of the tangent, cosine and sine of a. 
Logs b, b\ and b'\ are the same functions of b. Log m is the 
logarithm of the proper motion in right ascension of each star, 
expressed in seconds of time. J is the angular distance be- 
tween the stars, and A is the angle included by a and J. 
Log ^ is the cosec of J. D is the difference of right ascension 
between the stars, and log n is the value of log sin /i sin ^^. 
The two last quantities, D and log «, are to be used only in 
cases where there is but one observer. 

When the observed distances have been corrected for refrac- 
tion, by the application of quantities taken from tables con- 
structed by means of equations (i), (2) and (3), and also for 
semi-diameter, the direct computation of Z?, or the difference 
of right ascension between the moon and the first star can be 
made by means of equations (5), (6), (7) and (8). Equation 
(7) will give the apparent polar distance or the declination of 
the moon, and equation (8) the value of D^ , hence the ap- 
parent right ascension of the moon referred to the mean equi- 
nox of the epoch but uncorrected for the star's aberration. 
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The moon's place must be reduced to the equinox of the time 
of observation, by means of precession and nutation tables 
constructed with the moon*s right ascension and declination 
as arguments. The values taken from the precession table are 
to be multiplied by Z'or the time from the epoch expressed in 
years and fractional parts thereof. If the time of observation 
be after the epoch, T will be positive, but if before, it will be 
negative. The nutation is to be tabulated in two parts, one of 
which is to be multiplied by the sine of the mean longitude of 
the moon's ascending node, or ft, and the other by the cosine 
of the same quantity. The second part of the nutation will 
be, generally, very small and in most cases can be neglected. 
The value of ft can be taken from the ephemeris for any given 
date, or it can be derived from the equation, 

ft = 92.6°— r. I9.3* 

in which T is the time from 1890.0. 

. The right ascension of the first star must receive a correc- 
tion for aberration, which can be tabulated with the day of the 
year as the argument, and intervals of half a month are small 
enough for an accurate interpolation using only first differ- 
ences. 

When these corrections have been applied, we will have the 
apparent right ascension of the moon for the time of observa- 
tion. The parallax in right ascension must then be applied in 
order to obtain the geocentric right ascension for comparison 
with the hourly ephemeris of the moon. 

The value of this parallax, in seconds of time, can be ob- 
tained frbm the equation, 

{p cos <p^ sec ^) sin tt sin ^ , ^ 

^"^ lyihTp (") 

in which ^' is the geocentric latitude of the place, p the cor- 
responding radius of the earth, tz the moon's equatorial hori- 
zontal parallax, and t' its apparent hour angle. Since for each 
value of ^ or the geographical latitude there is a correspond- 
ing value of ^' and of />, it is evident that the second member 
of equation (11) can be tabulated for values of s^ and of ^, and 
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of each of these observations being carefully noted. The two 
star altitudes can be taken before or after, as may be most 
convenient. 

On account of the interval between the observation of the 
distances the resulting longitude must receive a correction J/, 
which is expressed by the equation, 

J/=±/(l — /&«) (13) 

in which / is the interval between the observations of the dis- 
tances expressed in seconds ; k = d^-^ {d^-\' d^\ n represents 
sin A sin a^ these quantities being constants and placed in 
Table IV, as already stated. The upper sign is to be used 
when d.^ is increasing during the interval, and vice versa. 

In order to determine which sign is to be used we must have 
a criterion, and one is readily obtained in the following man- 
ner : Let Z?2 = -^ — A» ^"^ which D is the difference of the 
right ascensions of the two stars and is placed as a constant 
in Table IV, and D^ is the value already derived in jthe compu- 
tation from equation (8). 

Then cos F= sin D^ cosec d^ sin b (14) 

sin b being constant and taken from Table IV. Then in the 
equation X = I -\-Y (c), / is the inclination of the appar- 
ent path of the moon and is determined by the equation 

Diff. of Dec, 
tan / = Y)'rc — f J? A these differences being given in the 

hourly ephemeris for one minute. / will be positive if the 
moon be moving northward, otherwise negative. If in equa- 
tion (c), X be greater than 90°, d^ will be increasing and the 
upper sign in equation (13) is to be used, but when X is less 
than 90°, d^ will be decreasing and the correction J/ will be 
negative. Since / lies between 0° and 2Q°, it will suffice to 
take 15° as its mean value, except in cases where X is very 
nearly 90°. 

We are now prepared to present examples illustrative of this 
method. Two will be given, one representing a case where 
the observations are taken simultaneously and the date is only 
^ years from the epoch, while the second example will treat of 
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a case in which the observations are taken at different tinnes, 
the date of observation is nearly jo years from the epoch, and 
the refraction corrections are large. Thus the method is illus- 
trated in all of its phases. The second example is based upon 
one given in Bowditch*s Navigator, revised edition, page 139, 
for the Lunar Distance method. In this case there was an ob- 
servation of d^ only, and d^ is a computed quantity deduced 
for the time of observation and the longitude, and therefore 
represents a correct observation. 

In both cases the longitude comes out exact. 

It will be seen that some of the work could be abridged. In 

some cases the refraction could be neglected. The second 

nutation correction in both examples given above could be 

disregarded and in most cases no attention need be paid to 

! proper motion. All the corrections have been given so as to 

I illustrate the modtts operandi in any possible case. 

On account of the interval between the observations of the 
distances, in the first example, the value of the moon's ap- 
parent polar distance will differ from the value for the time of 
observation of the altitude, and therefore will not give the 
proper value of t\ or the hour angle. In general the differ- 
ence will be too small to be regarded ; but in some cases it 
may produce an appreciable effect. This can be avoided by 
computing the hour angle from the equation /'=^ — a', in 
which is the sidereal time of the first observation of distance 
and a is the moon's apparent right ascension. The computa- 
tion is carried on as before ; the value of D^ and the moon's 
. right ascension (uncorrected) are obtained ; then all the cor- 
rections to the latter, except that for parallax are applied. We 
will then have the value oi a. The sidereal time is derived in 
the usual manner, and then the value of /' by the above equa- 
tion. Using this we obtain the moon's geocentric right as- 
cension by the same process as in the first example. This 
method of obtaining i is perhaps easier and better, even when 
the observations are simultaneous, than that of computing it 
from the moon's altitude, polar distance and the latitude. The 
computer can use either. 
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If we use this second method of determining the hour angle, 
the moon's altitude need be only very roughly observed, since, 
like the altitudes of the two stars, it will be used only for the 
refraction tables. The estimated center of the moon can be 
brought down to the horizon so that no correction for semi- 
diameter will be necessary. The other .corrections may also 
be neglected. 

This method is therefore shorter and easier than any in use, 
and the advantages claimed for it will be apparent to any one 
who will give it a close examination. 

In the second example the only variable quantities that en- 
ter into the computation of Z?, , being the distances d^ and d^ , it 
is evident that the value of Z^j, and therefore of the moon's 
apparent right ascension, can be tabulated for any values of 
d^ and d^^, for each set of stars. Thus the right ascension can 
be taken directly from the table, doing away with the direct 
computation, and greatly reducing the labor. 

This tabulation will also serve for the purpose of identifying 
the comparison stars ; for the observer has only to take the 
approximate right ascension of the moon from the ephemeris 
and this will indicate the approximate values of ^3 and d,^ in the 
table. Then if he sets the index of the sextant at any one of 
these values, brings the reflected image of the moon into the 
field and revolves the instrument, the line of sight will pass 
near to the star. As the stars will generally be of not less 
than the second magnitude and in approximately known direc- 
tion from the moon, no trouble will be found in picking up the 
right one even when the observer is not well acquainted with 
the geography of the heavens. 

WORK OF THEODOR VON OPPOLZER. 



Professor Theodor von Oppolzer, the only son of the cele- 
brated physician Dr. Johann von Oppolzer, was born at Prague, 
October 26, 1841. His early years were spent at Leipsic, 
whence, while yet in his childhood, he moved to Vienna, as his 
father had been appointed professor at the university of that 
city. Here he studied physics, but his abilities and great pre- 
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dilection for mathematics induced him to devote all his spare 
time to the study of natural philosophy. In these studies he 
was aided by Dr. E. Weiss, the present Director of the Vienna 
Observatory, who soon recognized his eminent talents for As- 
tronomy, and encouraged him to devote his life to that science. 
Oppolzer, who was possessed of independent means, sufficient 
to remove all necessity for seeking immediate employment, 
therefore constructed a well-appointed observatory after he 
had taken the degree of a Doctor of Physics. At this observa- 
tory he observed asteroids and comets during the years 1862 
to 1872 with great zeal, and his computations of the orbits of 
such bodies were the first papers by which he introduced him- 
self to the astronomical world. For such work he was es- 
pecially qualified by the quickness and certainty v/ith which 
he conducted extended numerical computations. He published 
numerous papers on this subject. 

He also published all his valuable theoretical researches 
in this branch of Astronomy in an excellent " Lehrbuch zur 
Bahnbcstimmung der Kometen und Planeten," of which the 
first volume appeared 1870; and in a second, totally revised 
and much enlarged edition, 1882. The second volume was 
published in 1880. In this classic work the author has in fact 
reconstructed on a more comprehensive plan the TheoriaMotus 
of Gauss. The theories upon which the calculation of the or- 
bits of comets and planets depend are discussed so fully and 
exhaustively, that the work forms, indeed, a Treatise on As- 
tronomy, " not only useful to the practical Astronomer, but of 
the highest value to the Mathematician who desires to know 
the exact manner in which the dynamical formulae he is ac- 
quainted with are actually applied in practice to the calculation 
of orbits." This most important work has been recently trans- 
lated into French by Prof. Ernest Pasquier, of Louvain. 

In the year 1873 Prof Oppolzer was entrusted by the Austrian 
government with the astronomical work for the Europaische 
Gradmessiing. In this position, which he held till his death, 
being in his last years chairman of the Austrian Commission 
of the Europaische Gradmessung, he showed an extraordinary 
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ability as an organizer, and executed a long series of telegraphic 
longitude operations between various cities of Austria amongst 
each other, and with the capitals of other countries. For many 
weeks in the summer of 1876 operations were undertaken at 
the Royal Observatory, Greenwich, by Professor Oppolzer*s 
assistants for the purpose of making the time observations and 
telegraphic observations necessary for determining the longi- 
tudes of Vienna and Berlin, connected also in some measure 
with Munich and Paris. All the observations for this very ex- 
tensive work are finished, but unfortunately the reductions are 
not very far advanced. In connection with these investiga- 
tions he also conducted a series of pendulum experiments for 
determining the intensity of gravity at Vienna, and he made a 
very interesting and important study of the vibrations of the 
stand of the pendulum and their influence on the time of its 
oscillation. But here also his very premature death prevented 
him from discussing more than a small part of these extremely 
delicate researches, for which he devised special methods of 
observation and reduction. 

In the year 1881 Oppolzer published "Syzygien-Tafeln fiir 
den Mond,** which were intended to supply a simple and con- 
venient means of finding very approximately the time of New 
and Full Moon, particularly in the case of an ecliptic syzygy, 
and of calculating all the circumstances of an eclipse without 
the necessity of having recourse to the Solar and Lunar 
Tables. 

But the most important work undertaken by Oppolzer is his 
*'Canon der Finsternisse'* [Table of eclipses], which will be 
found to be an invaluable basis for all historical researches 
connected with solar eclipses, and will form an enduring monu- 
ment of the power of its author. 

This masterly paper contains not only the elements of 
eclipses of the Sun, but also of those of the Moon from 1207 
B. C. to 2162 A. D. The elements are given for all the eclipses 
partial and central occurring during this period of time. 

The tables furnish the computations of 8,000 Solar Eclipses, 
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of which about 2,220 are total, 355 annular and total, 2,605 
annular, and 2,820 partial. 

Of the Moon, 5,200 eclipses are computed ; for which the 
tables give not only the date, but also the magnitude, the time 
of the middle of the eclipse, and the geographical position of 
the point on the earth where the Moon at that moment is at 
the zenith. 

Appended to the work are 160 charts, in which is laid down 
the central line of all Solar Eclipses visible in the northern 
hemisphere, and as far as 30° south latitude. Partial eclipses 
of the Sun, and those which are central only in regions more 
south than 30° are not mapped. 

The work forms vol. lii. of the Memoirs of the Imperial 
Academy of Sciences at Vienna. 

This noble undertaking Oppolzer was only just able to bring 
to a conclusion, for it was but a few hours before his death 
that he read the last proof-sheets of it. 

Besides all this, Oppolzer was engaged during the last years 
of his life in researches on planetary disturbances, especially 
on the theory of the motion of the Moon, on astronomical re- 
fractions, and on the resisting medium, &c. 

From this brief record of his more important researches it 
will readily be understood that his life was one of constant 
work, and that he was enabled to perform all he did only by an 
indefatigable diligence, a very remarkable power of memory^ 
quickness of perception, and intuitive grasp of whatever he 
studied. 

Von Oppolzer was appointed in 1876 Professor of Astronomy 
at the University of Vienna, and received besides this, various 
other distinctions from the Austrian Government and several 
foreign sovereigns. He was also Member of the Imperial 
Academy of Sciences at Vienna, Honorary Member of the 
Royal Academy at Munich, Correspondent of the Institute of 
France, and Fellow of many other scientific bodies. He was 
elected an Associate of the Royal Astrononaical Society on 
Jan. 9, 1874. 

In the middle of November 1886 Oppolzer returned to 
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Vienna somewhat ill, after attending the Paris International 
Conference on Weights and Measures, and the meeting of the 
Permanent Commission of the Europaische Gradmessung at 
Berlin. No one would have considered, however, from his ap- 
pearance,^ that his end was so near. At first his illness was 
thought to be a kind of malaria, but it very soon proved a 
serious disease of the heart, of which he suddenly died, on the 
morning of December 26, at the early age of 45 years. — E, W, 
in ''Monthly Notices!' 

EDITORIAL NOTES. 



Space will be given hereafter in the MESSENGER, regularly 
for the publication of the titles, prices and the names of pub- 
lishers of standard and useful books on Astronomy. Good 
books for sale, or books wanted will be included. The charge 
for such notices will be 5 cents per nonpareil line for each 
issue. Subscribers are offered one line monthly free. 



The Holden-Proctor Unplcasajttness. — It is reported that 
President Holden of the California State University and Di- 
rector of the Lick Obser-vatory, published an article in the San 
YxdiViQA^zo Examiner^ March i, in which he said something that 
greatly displeased Professor R. A. Proctor who was in Florida 
at the time. Seeing the article Mr. Proctor replied through 
the same paper (March 27) condemning Professor Holden^s 
treatment of him in very severe language, and implying that 
the animus of the attack was due to the detection of a gross 
literary offense therein named, and besides, woefully berating 
some of Professor Holden's astronomical work while in con- 
nection with the U. S. N. Observatory at Washington. We 
have not seen the articles referred to in the Atlantic Monthly ^ 
nor that of March i in the San Francisco Examiner, and do 
not personally know of the merits of these accusations. If true 
and fairly presented, Mr. Proctor is right, in just severity and 
dignified silence both of which he has chosen to use. 



Professor Hough's Catalogue of 2og New Double Stars, — It 
was an agreeable surprise to find the Astronomische Nach- 
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richten Nos. 2778-79 wholly given to the publication of Profes- 
sor Hough's catalogue of two hundred and nine new double 
stars. Observers giving attention to this kind of work well 
know how thoroughly the northern heavens have been ex- 
plored and that the easy doubles remaining uncatalogued are 
comparatively few. 

The following synopsis in reference to distance of compo- 
nents is interesting : 

Distance. Stars. 

o." to 0.5" 25 

0.5 " i.o 25 

i.o ** 2.0 43 

2.0 ." 5.0 77 

over 5.0 39 



Total 209 

The Astronomical Theory of the Ice Age. — I am glad to see 
the attention of astronomers again called to this subject. I 
am, however, unable to acqjiesce in the criticisms of Professor 
McFarland and ask your permission to make a short reply. 

First. I did not imagine that I could dispose of the elaborate 
theory of Dr. Croll in two pages of your journal. I thought 
Sir Robert Ball had been induced to give his adhesion to that 
theory on insufficient grounds and as Sir Robert's name is 
likely to carry a good deal of weight with astronomical read- 
ers I wrote to point out the defect of his argument. 

Second. I think Professor McFarland mistakes the corre- 
spondence between the summer heat and the winter cold at 
the period of greatest eccentricity. The earth receives on the 
whole the same (or rather a slightly greater) amount of heat 
from the sun in the course of the year. Consequently if the 
summer is shorter than the winter its heat is more above the 
average than the winter cold is below it; and the excess of 
summer heat above winter cold is greater the more the sum- 
mer is shortened and the winter lengthened. The shorter 
summer brings with it no diminution of the total heat. 

Thirdly. Though we have no means of producing a suffi- 
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ciently intense heat on the earth to render the melting of 
snow or ice absolutely instantaneous, time as such does not 
enter into the problem of meltinij at all. What is required to 
change a certain quantity of ice or snow at a given tempera- 
ture into water at a given temperature is a certain quantity of 
heat, and (if we could exclude interference from other sources 
of heat or cold) it is perfectly indifferent whether this quantity 
of heat is applied to it in an hour or in twenty years. As to 
the effects of intense heat in removing a snow-cap, I believe 
snow-caps on volcanoes have sometimes been melted in a sin- 
gle night. Time as such is not a factor in the melting. 

One fact cited by Prof. McFarland tells, I think, against 
himself. If intense cold can in a day or two form an ice-cap 
which long exposure to the oblique rays of the sun fails to 
melt, it would seem that the great agent in forming snow or 
ice* caps is not duration but intensity. Is it not natural to con- 
clude that in melting them also intensity, not duration, is the 
great element to be looked to ? W. H. S. MONCK. 

Dublin, Ireland, March 17, 1887. 

Daylight Ocadtation of a Tauri, observed at the Chabot Ob- 

servatory, Oakland, Cala., March 2gth, i88j, F, M, Campbell, 

Director, — The Disappearance was observed with a power of 

90 on the 8-inch Clark equatorial ; nearly at middle of moon*s 

limb at 3// 28;« 59.6^ by sid. chronometer ; star bright and 

steady. 

For the Reappearance a power of 200 diameters was used ; 

the star flashed out sharply, near the expected spot, and ap- 
parently exactly on the bright edge at 4// ^6m 49.8^ by chron. 
The time carefully determined on the evening of the 30th 
(29th cloudy), and kept by standard sidereal and mean time 
clocks, the rates of which agreed exactly in giving the chro- 
nometer used a correction for true local sidereal time of 
+ im 16.1s for Dis., and + im 16.4^ for Reap. VVe have, 
therefore : 

Dis., ''a Tauri'\' 3// 32W 1595'. local sid. time. 
Reap. y^" a Tauri'' : <,h ooin 06,2s. 

Position of Observatory : Lat. = -|- 37° 48' 05"; Long. = 8A 
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ogm 06.3^ W. All the observations and reductions have been 
made by myself. CHAS. B. HILL, assistant. 



Occultation of Aldebaran, — This occultation occurred during^ 
daylight. At immersion the sky was clear, but the atmosphere 
was very unsteady. The instrument was the 6.4 inches equa- 
torial, objective, by Clark & Sons. The star was quite red, and 
was visible in the finder of i}f inches. 

The moon was five days old and the star disappeared instan- 
taneously about 88® from the north point ; but the ash grey 
limb of the moon was not visible. 

At the reappearance from behind the bright limb the atmos- 
phere was much disturbed, and a slight haze was gatherinij over 
the .sky. The border of the moon was blurred and very un- 
steady, and the star did not reappear with the brightness 
expected, but its almost sparkling red color left no doubt what- 
ever of the time to the nearest tenth of a second. The outer- 
most limit of the moon's apparent disc was fuzzy and decreas- 
ing in brightness outward. The time which elapsed from the 
reappearance until the star left this factitious limb was twa 
and a half or three seconds, when it appeared much brighter. 
The star emerged about 240° from the north point. The error 
of the chronometer was determined by transit observations 
during the evening ; the rate is one-tenth of a second per diem 

and very regular. 

Rfcapitulation. 



Name 
of Star. 


Mag. 


Obsr. 


Power. 


Local Sidereal 
Time of Oban. 


Remarks. 


a Tauri.. 
a Tauri.. 


1 
1 


G.D. 
G.D. 


90 
250 


h m 9 

3 81 18.8 

4 59 09.2 


Immersion ; Instantaneous ; good ; star red. 
Emersion; " " " " 



Geographical position of the observatory : Latitude 37° 47' 
24.75" north ; Longitude 122° 25' 40.54" west. 
Observer G. D. = George Davidson. 
Davidson Observatory, San Francisco, March 29, 1887. 



Astronomical Observations at Dresde (French). — The first 
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part of the published observations of the observatory of B. 
d*En^elhardt at Dresde for the year 1886 are promptly before 
us, and find welcome place in the astronomical library. 

The description of instruments, instrumental constants, geo- 
graphical position of the observatory, observations of the 
moon, double stars, culmination of the moon, occultktions, 
phenomena of the satellites of Jupiter, temporary stars in the 
nebula of Andromeda and X^ Orionis, besides much of the or- 
dinary work common to observatories like that of Dresde, is 
found in this larn;e quarto volume of 220 pages. Four full page 
plates of the fine buildings, instruments artd observing facili- 
ties are a neat and fitting supplement to the volume. 



Intra-Mercurial Observations July 2g, i8y8, — After reading 
Professor Young's statement published in the March MESSEN- 
GER, that "the two objects seen by Swift were certainly not 
the two seen by Watson," etc., we were not fully satisfied with 
our own knowledge concerning the intra-Mercurial observa- 
tions made at Denver, Colo., July 29, 1878, and accordingly 
asked Professor E. Colbert of Chicago, who was the chief of 
the observing party referred to, if we might examine the orig- 
inal papers in his possession concerning the observations made 
at Denver under his direction. He kindly assented, and we 
have before us as we write, — 

1. The lithograph star-map of the neighborhood of the 
sun, at the time of the eclipse, prepared-by Mr. Colbert for the 
use of his party, — the particular copy which he tacked to his 
own observing post. 

2. Professor Watson's private letter to Mr. Colbert, Dec. 24, 

1878, giving a pencil drawing of the position of the sun, and 
his two planetary objects as related to Theta and Zeta Cancri 
after reduction. 

3. Professor Watson's private letter to Mr. Colbert, May 27, 

1879, concerning Dr. Henry Draper's statements and Professor 
Swift's observations. 

4. Professor Watson's bnef private letter to Mr. Colbert, 
Feb. 23, 1880, about n*iga*-lve evidence of the existence of 
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intra-Mercurial phinets jjiveii by a Wiisliinjton astronomer 
and others. 

5. A copy of Professor Colbert's letter to Dr. C. H. F. Peters 
concerning the observations. 

6. Other papers, nnost of which have already appeared \u 
print : 

(i) Intra-Mercurial Planets by J, C. Watson. American 
Journal of Science and Arts,- Oci. 187S. 

{2) Report of the SoUr Eclipse by the Chicago Astronom- 
ical Society. 

(3) The Problematical Vulcan by Professor Watson as pub- 
lished in the Wisconsin Slate Journal under date of Feb. iS^ 
1880. 

(4) Other papers with Prof. Colbert's statements. 

From the maps above mentioned, and the correspondence 
explaining them the following cut has been made : 
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Little explanation is needed. VV represents a line perpen- 
dicular to the horizon at Denver at the time of the eclipse. 
W. I, is Watson's planetary object first discovered, about 3° 
west of the sun and east of Theta Cancri. W. 2, is Watson's 
second planetary object, about 7° west of the sun and near 
Zeta Cancri (5) on the east side. The difference of declination of 
the sun and Theta at that time was less than ten minutes of 
arc ; that of the sun and Zeta more than half a degree. Pro- 
fessor Watson had less confidence in the position of the second 
object, although carefully read from the circles of his instru- 
ment as was also the position of the first object. 

On Professor Colbert's observing star-map is found a pencil 
mark west of star B. A. C. 2854, which, it is said. Professor 
Swift placed there soon after the observation and after hesi- 
tating a while in deciding whether it should be on the one side 
or the other of the star. That point is s in the cut. It is not 
a wonder that Professor Swift should be uncertain of part of 
the details of this important observation, in view of his sud- 
den surprise and annoyance in finding his telescope hampered 
by the pole attached preventing motion to the eastward. Pro- 
fessor Colbert further says that Professor Swift's later adoption 
of Theta as probably one of the stars he observed was after 
he had called his attention to the fact that he could not possi- 
bly haye seen 2854 (6>^ mag.) during the eclipse. 

Now, it is noteworthy that Professor Swift's object is very 
nearly in line with the sun and star, and so is Watson's first 
object. If Professor Swift was not certain on which side of 
the star to place his object, and had no means of measuring 
distance, and on the way home, as he says in his report, changed 
the first supposed distance between his objects from 12' to 7' 
(not from 7' to 12' as stated by Professor Young, — see Report 
of Chidago Astr. Soc), is it not strongly probable that the two 
objects which he saw were Theta Cancri and Watson's first 
planet, especially since Professor Swift thinks Theta Cancri 
was one of the objects he saw in his single sweep to the west, 
and since Professor Watson swept carefully over the same 
ground twice and is sure that no other planetary object as 
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bright could have been near Theta ? It should also be added 
that at the outset Professor Swift had set his instrument to fol- 
low a star in its diurnal motion, and hence it moved approxi- 
mately in a parallel to the plane of the equator. Now, in 
reality, the stars Theta and Zeta Cancri, the sun and Watson's 
objects were all nearly on the same parallel of declination, and 
by sweeping to the west but twice the field of his glsss Profess- 
or Swift would certainly have picked up Zeta and Watson^s 
object number two. His distance of 7' between his two objects 
is the only troublesome element in making the two observers 
wholly agree. These statements, if entirely true, seem to us 
in no wise to weaken or lessen the value of Professor Swift's 
observation oi what he saw, or its direction; but on the con- 
trary his observation is a strong kind of testimony in support 
of the claim that Watson and himself independently discov- 
ered something near Theta Cancri which they both took for 
an intra-Mercurial planet. Hence it is simply just to say that 
all the evidence in the world of what other astronomers have 
not seen should not weigh much against such observations. 
"What two experienced observers have seen independently can 
not be impeached by what a hundred others have not seen, not 
observing in the same field at the same time. Professor Wat- 
son's letters also throw light on some other points of interest, 
especially regarding statements of Dr. C. H. F. Peters and Dr. 
Henry Draper pertaining to Professor Watson's mode of ob- 
servation. 

Charlier's General Disturbance of Thetis by Jupiter (Ger- 
xtian). — The MESSENGER is favored with No. 2, Bandet 22, a 
paper published by the Royal Swedish Academy recently, 
feeing prepared by C. V. L. Charlicr and entitled An Inquiry 
Ooncerning the General Disturbance of the Planet Thetis by 
Jupiter. The object of the writer is to furnish a more general 
method for the computation of disturbances than astronomers 
xiow have in view of the rapidly growing number of minor 
jDlanets between Jupiter and Mars, thereby avoiding in some 
<iegree the special yearly work that must now be done for par- 
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ticular orbits. Hansen's well known treatise, entitled, "Ex- 
planation of a Suitable Method for ComputiniT^ the Absolute 
Disturbances of the Small Planets," is the work probably most 
commonly used. This author speaks of the excellence of Han- 
sen's methods as consisting of the compact form of develop- 
ment with large terms only in a single coordinate, though first 
presented by Cauchy was improved by Hansen for numerical 
computation in the complete system of checks furnished for 
the computer. 

In the development of the function of perturbations gener- 
ally this writer has given a few nflethods which he believes are 
to be preferred in many cases to those of Hansen. One slight 
modification is that his method makes it possible to take the 
coefficients of the development from tables, thereby lessening 
the labor of computation somewhat. Another peculiarity is 
the use of Gauss' transformation of elliptical integrals in com- 
puting the terms of the same order in relation to eccentricity 
simultaneously. A further advantage is claimed in tabulating 
results, which work is scarcely less than that of the develop- 
ment of the main function. The two arguments involved 
make the work intricate, which the writer seeks to simplify by 
noticing that one is constant during a half revolution of the 
planet, but that during the remainder of the path it changes 
by finite amounts. In this way the terms are made so small 
that tabulation is unnecessary. 

This paper is published in quarto form, in large clear type, 
and contains 98 pages of well ordered matter. 



General List of Observatories (French). — The most useful 
small publication that has recently come to hand for those who 
read the French is the " General List of Observatories, Astro- 
nomical Societies and Astronomical Publications" of the world 
which has been prepared by A. Lancaster, librarian of the 
Royal Observatory of Brussells. We take pleasure in calling 
theattention of our readers to it. 
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COMETS OF THE YEAR 1886.* 



Comet 1885, V. Cf. V. J. S. 21, p. 21. The last observation 
was made, as subsequently became known,, by Pechiile in 
Copenhagen, March i, 1886. 

The following observations have been published since the 
last report :t 

Brussels 115. 291. Padua 116. 107. 

Copenhagen 115. 387. Pola 114. 211. 

Lyons B. A. 3. 135. Rome 114. 205. 

Marseilles B. A. 3. 167. Vienna 114. 347. 
Nashville 115. 323. 

Comet 1886, I. (Fabry). Cf. V. J. S. 21, p. 21. During the 
first days of April, the comet was visible to the naked eye. In 
the telescope, its nucleus could be seen surrounded by a brill- 
iant coma, to which was appended a nearly straight slender 
tail over 1° in length; toward the end of the month, the 
comet reached the brightness of a star between the 2nd and 
3d magnitudes with a length of tail from 4° to 5°; yet, because 
of the low position of the comet in the twilight, its appear- 
ance could not be called especially conspicuous. Photometric 
measurements of brightness by G. Miiller show that at least 
during the time from the beginning of March to the end of 
April the nucleus of the comet gave out almost solely reflected 
sunlight, and that the light of its own emitted by it really 



* Extracts from the Astronomischen Gesellschafi, Vol. 22, No. I. Translated from the 
German by Miss Mary B. Cutler, Senior Class Carleton College, Northfield, Minn. 

t The following periodicals are compared : Astronomische Nachrichten (without further 
designation) to Vol. 116, p. 256; Monthly Notices (M. N.) to Vol. 47, p. 120; Comptes Rendus 
(C. R.)to Vol. 104, p. 614; Bulletin Astronomtque (B. A.) to Vol. 4, p. 48; Astronomical /our- 
nal (A. J.) to Vol. 7, p. 64. 
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furnished but a very small contribution to the total light. The 
Potsdam spectroscopic observations come to similar conclu- 
sions, according to which the spectrum of the bands in com- 
parison to the continuous spectrum was rather faint, while in 
contradiction of this, Tr^pied in Algiers expressly emphasizes 
a strong prominence of the bands in the spectrum. The ob- 
servations on the northern hemisphere closed with April 25 at 
Vienna and Copenhagen ; in the southern hemisphere the 
comet appeared first on May ist as a striking object to the 
naked eye with a perfectly straight, sharply defined tail, 9° 
long. It was still visible to the naked eye with diminishing 
brightness until the middle of May; with a telescope it could 
be followed until July 30, on which day Finlay at the Cape last 
observed it. The following elements by A. Svedstrup are de- 
rived from six mean positions of 1885 from Dec. 3, 1886, to 
March 22, and will probably not differ very much from the 
final results : 



T 

Q 

m 

t 

log^ 



1886 Apr. 5.99962 Berlin M. T. 
162° 58' 5.3" 

36 22 38.7 }- 1886.0 

82 37 17.1 



To the observations quoted from the V. J. S. 21, p. 22, may 
be added the followine : 



Algiers C. R. 102. ?31 ; B. A. 3. 234. 

Bothkamp 114. 171. 

Brussels 115. 291. 

Cape 114. 235. 

Christiania 114. 379. 

Copenhagen 115. 385. 

Cordova 116. 59. 

Dresden 114. 205. 

Glasgow, Mo. 115. 107. 

Gothe 115. 139. 

Greenwich M. N. 46. 303, 348, 399. 

Krerasmiienster 115. 391. 

Leipzig 115. 235. 

Lyons B. A. 3. 134, 236. 

Marseilles B. A. 3. 166. 

Melbourne 116. 145. 

Munich 114. 315. 



Nashville 115. 323. 

Nice B. A. 3. 277. 

Orwell Park 115. 289. 

Padua 116. 107. 

Paris B. A. 3. 450, 493. 

Plonsk 114. 395. 

Pola 114. 211. 

Prague 116. 57. 

Rome 115. 329. 

Scarborough M. N. 47. 28. 

Sidney M. N. 46. 495. 

Taschkent 114. 235. 

Turin 115. 331. 

Vienna 114. 347. 

Washington 115. 109. 

Windsor 115. 393. 

At Sea M. N. 46. 457, 498; M. N. 47. 117. 
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Comet 1886 II. (Barnard). Cf. V. J. S. 21, p. 22. The comet 
became visible to the naked eye with increasing brilliancy to- 
ward the 1st of May and could be observed for 14 days in the 
northern hemisphere as a round bright nebula with distinct 
but wasted nucleus and a tail 3° long. On the 12th of May, 
already situated low in the horizon, it reached the brightness 
of a star of the 3d magnitude, without, however, presenting a 
striking appearance. Also, G. Miiller in connection with spec- 
troscopic observations was able to observe in it a striking fall- 
ing off of its own light, in comparison with the sunlight re- 
flected. In the northern hemisphere it was observed last by 
Pechiile in Copenhagen on the 15th of May; in the southern 
hemisphere the observations began on the 29th of May, after 
the comet had already passed the maximum of brightness, and 
closed with the Cape observation of the 26th of July. 

We have not at present better parabolic elements than those 
given in the V. J. S. 21, p. 23. Two more orbit computations 
from three observations by Thraen (A. N. 115. 79) and Morri- 
son (Sid. Mess. 5. 118) have indicated a hyperbola; but these 
can, as the computers themselves perceive, merit no confi- 
dence so long as the impossibility of representing the observa- 
tions by a parabola is not proved. 

The following observations are added to those quoted in the 
V. J. S. 21, p. 23 : 



Algiers C. R. 102. 731 ; B. A. 3. 234, 496. 

Brussels 115. 291. 

Christiania 114. 379. 

€openhagen 115. 387. 

Cordova 116. 61. 

Dresden 114. 205, 379. 

Glasgow, Mo. 115. 107. 

Ootha 115. 141. 

Greenwich M. N. 46. 303, 348, 399. 

Kiel 115. 107. 

Kremsmaenster 115. 391. 

Leipzig 115. 235. 

Marseilles B. A. 3. 167. 

Melbourne 116. 147. 

Munich 115. 47. 

Nashville 115. 323. 

Nice B. A. 3. 275. 



Orwell Park 115. 289. 
Padiia 116. 107. 
Paris B. A. 3. 584. 
Plosnk 114. 395. 
Pola 114.211; 116. 193. 
Pracjue 116. 57. 
Rome 115. 329. 
Scarborough M. N. 47. 28. 
Sydney M. N. 46. 497. 
Taschkent 114. 235; 115. 109. 
Turin 115. asi. 
Vienna 114. 347. 
Virginia Univ. 115. 43. 
Washington 115. 109. 
Windsor 116. 123. 
At Sea M. N. 47. 117. 
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Comet 1886, III. (Brooks 2); discovered in the morning sky 
by Brooks at Phelps, April 30. The comet presented in the 
telescope the exact image of a great comet. According to 
Pechiile there followed the extremely small nucleus a straight 
nebulous tail some 12" broad, ending in a second somewhat 
wasted nucleus from which the tail, 10' long, curved, fan-shaped 
towards the south. B. von Engelhardt mentions, besides, a 
faint off-shoot 6' in length that split off by a single cleft from 
the main tail and bent toward the south. 

When the comet was looked for again, after the full moon 
on May 20th, its appearance had entirely changed. Instead 
of the bright comet, Knorre saw only a light vapor from 5' ta 
10'^ in length. Tempel describes it during these days as a fusi- 
form nebula 12' in length and l>^' in breadth, without head or 
bright nebulous spot in the place of it ; a measurement of this 
headless mass seemed to him impossible. The last observa- 
tion is that of Celoria in Milan, May 24; on June 3d it was, ta 
be sure, still visible, but no longer to be observed. 

The following elements by Celoria extend over the whole 
time of visibility, and will surely come very near to the final 
results : 

r = 1886 May 4.482162 Berlin M. T. 

TT = 326° 19' 6.5" 

Q = 287 45 33.4 V 1886.0 

/ = 100 12 6.J 

log q = 9925294 



Observations : 

Algiers C. R. 102. 1096; B. A. 3. 496. 

Berlin 114. 317, 331. 

Bniseels 115. 295. 

Copenhagen 115. 387. 

Dresden 114. 288, 317, 379. 

Hamburg 114. 301. 

Kiel 114. 237, 317. 



Leipzig 115. 237. 

Lyons C. R. 102. 1052. 

Marseilles B. A. 3. 276. 

Nice C. R. 102. 1149; B. A. 3. 277. 

Paris C. R. 102. 1051. 

Rome 114. 301; 115. 329. 

Washington 115. 109. 



Comet i886 IV. (Brooks 3) was found by Brooks on May 22nd 
as a faint nebula with a diameter of 2'. Unfortunately the ex- 
treme faintness of the comet's light did not permit its being 
followed longer than until July 3, which is the more to be re- 
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gretted, as this seemed to belong to the interesting class of 
comets with short periods of revolution. 

The following elements by Hind are based on three obser- 
vations, May 25, June 3, and July i, and show the last obser- 
vations at Nice, of July 3, to be without certainty : 

r = 1886 June 6.60866 Berlin M. T. 
TT = 229'' 45' 58.0" 

^=53 3 25.7 
^'= r2 56 1.8 
^ = 37 27 10.2 
log a — 0.5329478 
II = 563.0992' . 
U = 6.301 years. 

A second elliptical orbit by S. Oppenheim during the same 
interval gives a period of revolution of 9 05 years, but appears 
not to represent the observations quite so well as the orbit of 
Hind. 

Observations : 



Albany 114. 365. 

Algiers 114. 403; 0. R. 102. 1438; 

B. A. 3. 496. 
Arcetri 114. 365; C. R. 115. 47. 
Lyons 114. 365; 0. K. 102. 1303. 
Melbonme 116. 147. 
Kashville 115. 323. 



Nice 115. 47; C. R. 102. 1230; 103. 119; 

B. A. 3. 278, 535. 
Pola 116. 193. 
Rome 114. 365. 
Strasburg 114, 365. 
Sydney M. N. 46. 49^ 
Viennall4. 365, 399. 



Comet 1 886 V. (Brooks i) discovered by Brooks before the 
two preceding ones on the evening of April 27 as a moderately 
bright round mass of light 2' in diameter with an eccentric 
condensation, ifhe comet, its brightness increasing, could be 
followed in the northern hemisphere until the end of May. 
The observation of position ended at Milan with May 25, at 
Vienna with May 28. The observations in the southern hemi- 
sphere began after the maximum of brightness was past on 
the 3d of July and closed with the Cape observation of July 30. 

The following elements by A. Krueger are based on three 
observations, April 29, May 9 and 21, and appear, from the 
numerous provisory elements existing, to represent the obser- 
• vations best : 
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9, 

t 
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Observations : 



1886 June 7.42622 Berlin M. T. 

33^ 55' 26.9" 
192 42 6.5 V 1886.0 
87 44 23.1 

9431999 



Algiers C. R. 102. 1096. B. A. 3. 495. 

Ann Arbor 114. 397. 

Arcetri 114. 299, 332. 

Berlin 114. 299, 329. 

Brnesels 115. 293. 

Copenhagen 115. 387. 

Dresden 114. 287, 299, 379. 

Gotha 115. 141. 

Greenwich M. N. 46. 400, 459. 

Hamburg 114. 237^7, 329. 

Harrow 114. 299. 

Kiel 114. 223, 237, 299, 317, 329. 

Leipzig 115. 235. 

LyonsC.R. 102. 1052. 

Milan 115. 159. 



Marseilles B. A. 3. 275. 

Munich 114. 381. 

Nice 9. R. 102. 1149; B. A. 3. 277. 

Orwell Park 115. 289. 

Padua 116. 107. 

Paris C. R. 102. 1008. 

Plonsk 114. 395. 

Pola 116. 193. 

Prague 11^. 57. 

Rome 114. 237; 115. 329. 

Sydney M. N. 46. 497. 

Turin 115. 831. 

Vienna 114. 299. 

Windsor 116. 123. 



Winnecke*s Comet 1886 VI. For last year's appearance of 
Winnecke's comet, A. Palisa had, on the basis of the elements 
derived by Oppolzer from three observations, found the follow- 
ing elements, which, on account of the great disturbances, are 
only closely approximate : 

Epochs and*osculation 1886 Aug. 31.26 mean time at Berlin. 



T = 1886 Sept. 16.S Berlin M. T. 
^=357° IS' 

56 V 1890.0 ^• 

27 ) 

37 



TT = 276 
^ = lOI 

i = 14 

^ = 46 
M = 610.48" 
log a = 0.509557 



On the basis of an ephemeris computed from these elements 
by E. Lamp, Finlay at the Cape succeeded in finding the 
comet on the 19th of August as a circular nebulous mass I ' in 
diameter and of the brightness of a star of the loth magnitude. 
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Towards the middle could be seen a slight condensation 
without a real nucleus ; there was no tail. The passing of 
perihelion, according to this observation, took place 12 days 
earlier than was to be expected according to the elements of 
Palisa. On account of the unfavorable position for the north- 
ern hemisphere, it was only at the observatories lying in the 
South, Palermo, Nice and Algiers, that some few observations 
of the comet could be taken ^ so much the more reason is 
there for gratulation that Finlay himself was able to follow it 
through several months till Nov. 29. His great range, em- 
bracing 32 observation days, will be of great importance in the 
correction of the orbit. 
Observations : 

Algiers C. R. 103. 457; B. A. 3. 497. Palermo 116. 143. 

Cape 115. 111. Rio C. R. 103. 918. 

Nice 115. 329; C. R. 103. 516; B. A. 3. 535. Sydney M. N. 47. 67. 

Comet 1886 VII. (Finlay) discovered Sept. 26 by Finlay at 
the Cape as a round, faint, nebulous 'mass i ' in diameter with 
traces of a central condensation. The very first computation 
of the orbit showed such a resemblance to the elements of the 
comet of de Vico 1844 I, which had not been found again up 
to this time, that the identity of the two heavenly bodies was 
for a time scarcely doubted. Unfortunately, the later compu- 
tations of Prof Krueger and Prof. Boss, although they also in- 
dicated an ellipse with a short period of revolution for Finlay's 
comet, yet make the identity of the two comets at least ex- 
tremely doubtful. The periodic time of 2433 days shown by 
the elements of Prof. Krueger given below, is 440 days longer 
than that found by Briinnow for the comet of de Vico, and it 
is impossible to conceive how, in the time from 1844 to 1886, 
such a change of the orbit can have taken place. Conse- 
quently the assumption that we have before us two different 
comets with similar orbits must provisionally be regarded as 
by far the more probable. 

The elements by Prof Krueger, which are derived from 
single observations from Sept. 29, 1886, to Feb. 23, 1887, run 
as follows : 



A 



^o8 
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T = 1886 Nov. 22.42429 Berlin M. T. 

7r= 7^ «4' 14.6") 

Q = 52 29 58.8 V 1886.0 

^' = 3 I 39-2 ) 
^ = 45 54 22.7 

fi = 532.6894" ± 0.39s' 

U = 2432.937 days. ^ 

After the comet had reached its greatest southern declina- 
tion — 26° in the middle of October, it turned toward the 
north, and soon, on account of the increasing brightness and 
its favorable position in the evening sky, became the object of 
eager observation for the astronomers of the northern hemi- 
sphere. From the middle of December on, the bright mass 
was observed to be slowly on the wane, without the observa- 
tions having to be discontinued up to this time (middle of 
March). 

Observations : 



Albany 115. 269; A. J. 7. 21, 52. 
Algiers B. A. 3. 586. 
Bethlehem, Penn. A. J. 7. 54, 61. 
Bordeaux C. K. 103. 1170. 
Cape 115. 223. 
Dresden 116. 43, 111, 247. 
Goettingen 116. 219. 
Hamburg 116. Ill, 219. 
Kiel 116. 13, 77, 111, 127, 219 
Kremsmuenster 116. 41. 
Lyons C. R. 103. 590. 
Marseilles B. A. 3. 533, 



Nashville 115. 267. 

New York (Searle) A. J. 7. 15, 16. 

Nice 115. 239; 116. 151; C. R. 103. 590. 

Padua 116. 215. 

Palermo 115. 239; 116. 151. 

Pola 116. 193. 

Rome 115. 237, 253, 267, 283, 303; 116. 

Sydney M. N. 47. 68. 

Taschkent 116. 247. 

Turin 115. 397; 116. 153. 

Washington A. J. 7. 8, 31, 62. 



27, 43. 



Comet 1886 IX. (Barnard-Hartwig)* discovered in the morn- 
ing sky of Oct. 4 by Barnard in Nashville, on Oct. 5 by Hart- 
wig in Bamberg and by Pechiile in Copenhagen, the last 
named of whom, meantime, was first able to verify the dis- 
covery on the following day. The comet was bright, round, 
with a distinct condensation of the brightness of a star of the 
8th magnitude. With increasing brightness it became visible 
to the naked eye by the end of October. By the beginning of 



* The notations for 1886 VIII. are reserved for the comet discovered by Barnard Jan. 23, 
1887. 
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December, it had developed to a beautiful object with a brill- 
iant nucleus Between the 2nd and 3rd magnitudes. On the 
very day after the discovery, Barnard had been able to per- 
ceive traces of a tail ; towards the end of the month, this de- 
veloped more clearly and reached, by the end of November, 
the considerable length of 5°. A second shorter tail already 
showed itself by the beginning of November; this, like the 
main tail, increased in brightness, so that the comet by the 
beginning of December presented a really characteristic ap- 
pearance. Barnard reports besides, Nov. 23, still a third tail 
which, however, on Nov. 28, he was no longer able to perceive. 

In the spectrum of the comet, the three wsual bands stand 
out clearly on the continuous spectrum, without any other 
specially characteristic properties having shown themselves. 
Of especial interest are the photographs which Gothard in 
Her^ny took of the comet. Among them all, the plates of 
Nov. 27 and 28 are of the greatest beauty ; these show the 
form and structure of the tail with such distinctness that we 
have a right to expect great disclosures in future from the ap- 
plication of photography to comets for the discernment of the 
nature of these heavenly bodies. 

The following elements are derived by A. Svedstrup from 
three mean positions, Oct. 8, Oct. 28, and Nov. 18: 

r = 1886 Dec. 16.51908 Berlin M. T. 
r = 223° 43' 46.1"! 
Q = 137 21 50.1 >• 1886.0 
i = loi 39 36.0 ) 
log q = 9821442 

In the beginning of January, 1887, the comet became invisi- 
ble to the observers in the northern hemisphere ; on Jan 8, so 
far as is now known, the last observation took place in Dres- 
den. There is still hope, however, that in March and April, 
1887, there will be successful observations in the southern 
hemisphere. 

Observations : 
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Algiers B. A. 3. 586. Marseilles B. A. 8. 583. 

Bothkarop 115. 283; 116. 125. Padua 116. 215. ^ 

Copenhagen 115. 253. Palermo 115. 255; 116. 27. 

Dresden 116. 247. Pola 116. 193. 

Gotha 115. 317; 116. IH. Prague 115. 255; 116. 155. 

Greenwich M. N. 47. 27, 65, 116. Strasburg 115. 285. 

Hamburg 115. 283. Turin 115. 397; 116: 153. 

Kiel 115. 283, 317; 116. 125. Vienna 115. 253. 

Eremsmuenster 116. 43. Washington A. J. 7. 8, 81. 
Liege 115. 317. 

The last year's appearance of the periodic comet Tempel 3, 
which, according, to the computations made beforehand by J. 
Bossert, was to pass its perihelion May 9.5, has, unfortunately, 
on account of the extreme faintness of the light of the comet 
and its unfavorable position near the sun, passed by un- 
observed. 

The comet of Olbers (Cf. V. J. S. 21, p. 24) also has not been 
found the past year. 



PRESIDENT HOLDEN'S REPLY TO PROFESSOR PROCTOR. 



In the issue of the Examiner (Cal.) of March 27th there is 
an article by Mr. Proctor which refers to me in such terms 
that I am bound to notice it, and as space has been given to 
his personal attack upon me, I beg to be allowed the space for 
reply. 

In order to present the basis for a judgment I must give the 
whole history of our relations, which, fortunately for your 
readers, are not complex. 

In the Atlantic Monthly for September, 1874, I wrote a re- 
view^ of two of Mr. Proctor's recent books, from which the fol- 
lowing words are taken : — After speaking of his book on 
*• Saturn" I said: "This book was a success, as it deserved to 
be, and it led its author (as too candid biographers have told 
us) to attempt to earn a large sum of money by writing similar 
books. The titles of these books are well known and are an 
index to the rather sensational character of the books them- 
selves — 'The Sun, Ruler, Light, Fire and Life of the Planetary 
System,' ' Other Suns than Ours,' ' The Orbs Around Us,* * Other 
Worlds than Ours,' etc." 
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To these remarks Mr. Proctor replied in a letter to the editor 
of the Atlantic Monthly (Mr. W. D. Howells), in which he ob- 
jects to my having included ** Other Suns than Ours" in the 
list of books above given for the reasoQ that although it had 
been announced three years before it had never been published- 
This was quite true, as it had not been published as a book* 
but what I presume to have been its substance had been given 
in a lecture delivered in New York under the title** Other 
Suns than Ours/' which I had read. As soon as possible it was 
replied to Mr. Proctor that the mention of the hodk-titUy 
"Other Suns than Ours," even in so incidental a casual way^ 
was **an undoubted slip for which Mr. Proctor has our apology.** 

In extenuation of the acknowledged inadvertence it was said 
that from 1868 to 1875 Mr. Proctor had published at least 
twenty (20) separate volumes, and the public was left to infer 
the impossibility of even the most devoted critic reading and 
remembering the particular contents of each of three volumes 
per year from the same hand on similar subjects, especially as 
the titles of these seemed to be chosen for sensational and ad- 
vertising purpose only, and as my criticisms applied to the 
contents of nearly all of them. 

At the time I wrote the first review I truly believed I had 
read some rather popular but not very valuable writing be- 
tween the covers of a book — one of Mr. Proctor's twenty — and 
that the title of the book was ** Other Suns than Ours." 

I know now that I read the not very valuable writing refer- 
red to as a lecture by Mr. Proctor which was, reported in the 
New York Tribune under the same title. 

I submit that the mistake of confounding a printed lecture 
with a printed book was, under the circumstances, pardonable* 
I have moreover apologized in print for this mistake, and at 
this moment I regret that it occurred. 

Mr. Proctor has not accepted an apology made in good faith 
and he does not now accept it. I regret this also ; but I do not 
see that there is anything more requiied of me in this especial 
matter. 

Mixed in with his remarks upon this particular point, I find 
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various attacks upon me, personally, and upon my scientific 
reputation generally. 

I decline to enter upon the question of my personal merits 
as a gentleman. This is a question to be decided by my con- 
temporaries and noc by Mr. Proctor nor by myself. 

I further decline to enter into the question as to my merits 
as a scientific man. This, again, is a matter to be settled by 
tny contemporaries and by those who will come after, and 
neither by Mr. Proctor or by myself. 

I have the personal satisfaction of knowing that I have 
honestly striven to do my duty and that my contemporaries 
have been more than kind to me. 

The Royal Astronomical Society which forced Mr. Proctor 
out of the position of its Secretary has honored me by select- 
ing me as one of its fifty Foreign Associates. 

I have held public positions of various kinds since 1870 and 
I have no reason to be ashamed of the results of my work at 
the U. S. Naval Observatory at Washington, at the Washburn 
Observatory at Madison, Wisconsin, and at the University of 
California. Some of the men with whose names Mr. Proctor 
says I ought not to presume to couple my own are glad to 
look forward to being associated with me at the Lick Observa- 
tory. I remark in passing that Mr. Proctor couples his own 
name, characteristically, with Sir Isaac Newton's. 

Finally, looking back over the twelve years during which 
Mr. Procter has nursed his wrath, 1 have to regret that in 
writing my original review I made a mistake which did him an 
unintentional injustice and which obliges me to make this 
reply. I reflect, however, that reviewing his books adversely 
was the real offense, not accidentally mentioning one of his 
book titles as sensRilonaiL —Exa^niner, EDWARD S. HOLDEN. 



KEPLER'S CORR ESPON DENCE IN 1599.* 
[Continued from page 138.] 

4. How will you make the character of man depend upon 
his horiscope, in a point of the heavens ? For it influences a 



* Translated from the Latin for the Messenger by Professor Louisa H. Richardson, 
Carleton College. 
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man as long as he lives, just as those fetters put upon the 
gourds by the skill of the farmer : although they do not in- 
crease the gourd, yet they give it shape. So the con- 
stellation, although it does not give character, nor deeds^ 
nor fortune, nor children, nor riches, nor wife to a man, never- 
theless it forms all things which come to the man. And yet 
this, while the man lives, takes an infinite number of forms 
from the natal hour, never remains : — and so the natal position 
is lost. How can that act which does not exist } For it has 
an influence while it is in this position, but the position does 
not remain. Or is some mark of that position impressed upon 
the body, upon the soul, kindred to light, and suited to this 
thing } And how is that, which has no existence, impressed 
upon fortune } Experience proves all these things, and that,, 
experience of men by no means foolish. Look at a man at 
whose birth the planets, Jupiter and Venus, the means between 
the extremes, as I said above, are not favorably situated : al- 
though such a man may be upright and wise, yet you will see 
that he experiences a fortune as sad and gloomy as possible. 
Such a woman is known to me. She is praised throughout 
the whole city on account of her virtue, her modesty and her 
chastity. Yet she is plain and of a coarse body. She was 
restrained with severity by her parents in her early life, and 
when she had scarcely attained womanhood was married 
against her will to a man of forty years. In a short time he 
died, and she married with more willing mind, another of the 
same age, but one who could not be called a man, and the 
whole four years, which she lived in this marriage, was passed 
in sickness. She married for the third time a poor and de- 
spised man, though she herself was rich before. Her property 
was wrongfully held from her on all sides. She could never 
have a maid but proved faithless. She became entangled and 
involved in all her business. She even bore children with 
sorrow. Everything else was of this nature. Here you may 
see the same mark of mind, body and fortune, analogous in- 
deed to the position of the constellation ; and so it would be 
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impossible that this mind was the cause of this whole fortune, 
since it was beyond her power and control. 

Since Saturn and the sun agreed in thesexangular radiation 
for me (I speak more freely concerning very well known facts) 
my body is dry and knotty, not large, my spirits low, wholly 
driven into straits, suspicious, timid, coming through difficul- 
ties and embarrassments, and lingering in them, my character is 
very similar. It is my delight to gnaw bones, to eat dry bread, 
to taste the bitter and acid'; it is my pleasure to walk through 
rough places, declivities, and thickets. I have no charms of 
life except letters, nor do I desire any, and when offered I 
scorn them. My fortune is similar in the smallest detail. 
Other things are dispaired of. I have an access, by no means 
great, to property and reputation. For I am continually hard 
pressed among the rising and circumstances indeed change, 
the form remains the same. With whatever I have striven 
thus far, I have been harshly opposed. I know not whether 
genius also is drawn into the alliance while I defend the human 
race for appealing to the motion of the earth, while I with 
resolute boldness urge on an orb of so great weight, with 
swift motion through the stars, while the senate of terrestrials 
strive in opposition. But let this indeed be ascribed to the 
common lot of illustrious men. Let this prevail, *' hardships 
are blessings," etc., and this used by Cicero, "the sweat of 
virtue," etc. And I am not opposed to that theory of the 
wise, nay rather, most certain demonstration, by which they 
prove that truth is ever opposed by the multitude. Let there 
be, then, talent and zeal begun with reason, free from those 
things which belong to the heavens. Let the former be re- 
tained. And you see again one characteristic in me depend- 
ing upon the heavens, not indeed so plainly from the sixth 
position of the sun and Saturn, but thus for the sake of brevity 
have I spoken. For those who are wont to speak thus plainly 
selling much material, stones and cement, for a house, would 
quickly have done me a wrong. For I myself was born when 
the sun, Venus and Mercury were in Capricorn. And so you 
see Wirtemberg will be at length destined for me. Let these 
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therefore be the examples and forms of experience. I wonder 
why these things are not treated by philosophers. Either be- 
cause many vain things are handed down, or because rules are 
made (such even as you seem to demand, canons — and guides 
of very little use to a philosopher, who does not busy himself 
with every detail) rules, I say, easy and deceptive in almost 
the same elements, which are contradicted also by the first 
experience. Or are these again becoming obsolete, of them- 
selves, on account of thedifficulty of astrology, although form- 
erly they crept into the minds of philosophers } Of such a 
nature also is that question concerning the magnet and count- 
less other questions which are regarded among miracles, since 
they do not coincide with the axioms of physics, and it is 
deemed sufficient that each is known separately. But since 
there are so many, let some one of you who compare many 
things with each other, come forth and render the reasons not 
of one thing alone, which is impossible, but of many such, 
united. While I was attempting this in my office before this, 
two philosophical methods came to my mind, one of the type 
and archetype, Platonic as I think, the other of the Genii de- 
rived from letters. For the world is the corporeal image of 
God, the soul is the incorporeal image of God and yet created. 
The body is the image of the world, hence microcosmos ; the 
forms of bodies, of souls, the diversities of fortune are the im- 
ages of diversities which exist between the positions of the 
heavenly bodies. Thus the birth of man corresponds to the 
rising of a planet, the death of man and what follows corre- 
sponds to the setting. And that which is between forms the 
actions of man and those things which follow man in life. And 
inasmuch as the setting looks back to the rising with a certain 
relation of opposites, so also man's correlatives are shown in 
the seventh or setting, as wife, purchaser, physician, slave, etc. 
And the position of the heavenly bodies, since it is regarded in 
a point, has something lasting which corresponds to it in man, 
and this is that same character which I have mentioned of mind, 
body and fortune. But the motion of the heavenly bodies, 
which is considered with time, is an example of temporal 
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things in man, namely his actions, of which I shall speak later. 
But nevertheless because I do not yet know where that imag- 
inary canopy is kept in the mean time, since the constellation 
moves on after the moment of birth, I have therefore intro- 
duced Genii. For the body is too material — for undertaking 
this character — but the soul, although it is kindred to lights 
although it has no less wonderful duties entrusted to it by 
God, the formation of necessary parts and other things — and 
thus it could well be made the subject of this character im- 
pressed by the constellation; — nevertheless I do not know,, 
how it could, outside the man, form his fortunes according to 
the standard prescribed by that character given by the con- 
stellation. And so those tutelary Genii taken from the Bible 
are pleasing to me, — who preside over the birth of men by a 
certain divine law, and receive the character of the nativity in 
place of the men themselves, either in their own being, or in 
memory alone, and offer themselves to the bonds of heaven,, 
and are not of free thought at all, but either grow weak or 
strong according to the movement of the constellation. We 
have an example of this mingling, in light, which, although it 
is not corporeal, but something divine, nevertheless it is sub- 
ject to the laws of body without time indeed and motion : it is 
reflected, refracted, it is thrown on stronger, weaker, it is cut 
off, it is lessened by distance, etc. It is a good example in this 
case. For above I made the nature of the light and of souls 
the same, here also I make the nature of the Genii either the 
same or kindred. 

$. Related to these is the question concerning the rise of 
man. I have a very pleasant sight in the relations of the natal 
hours. Who, then, is there who puts off birth to that time 
and moment that the offspring may be brought forth under a 
constellation favorable to the parents. This thing alone would 
convert even Mirandola himself (if he fights more than against 
trifles). Who, I say, is that director, immediate God } Is it 
the soul of the mother, or of the child ? And how could he^ 
be skilled in astronomy when man himself is ignorant t No 
one ever lived so wise that, freed from the material body, he 
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learned anything of astronomical subjects through ecstasy. 
Or then does the heavenly light itself with so great reason 
measure out the moments of births ? But can the rays of 
light and of the stars accomplish so much ? Even to the rays 
of the stars so much must not be granted that, with so great 
intelligence, they can do ar thing which it is scarcely credible 
any mind can do. For in the town also many obstacles would 
be opposed to the rays of light, and we must say here what 
was said above — if it is the effect of the rajgs, it is not then of 
the light, but of the position, not of the star, but of the stars. 
It would be absurd that the.light and ray itself should become 
a body, as it were, which should be formed by its position or 
by a soul for this work, and should be instructed by the best 
reason. For even this relation also of children to parents ex- 
ists in the radiations. 

(To be continued,) 



THE SECOND CENTENNIAL OF THE PRINCIPIA. 



The mathematician, physicist or astronomer who thinks of 
1887 as the second centennial year of the Principia will in- 
stinctively and eagerly go back, in thought, two hundred years 
to live over again the memorable scenes attending the publi- 
cation of this first great work of the illustrious Newton. How 
he came to compose the Principia and the stir that it made in 
the world of science and letters are inspiring details of his 
biography that any may read, and all should know, to judge 
well of his genius and nobleness of character. Newton was 
^5 years old when this book was given to the world, although 
some of its great thoughts had been kept in mind patiently for 
more than twenty years. When he learned in 1682 of the suc- 
cessful measurement of an arc of the meridian by the French 
astronomer, M. Picard, in 1679, he took note of the result, and 
quickly computed therefrom the diameter of the earth, and 
with these new data he resumed his former calculations by 
which he had tried in 1666 to show the identity of the law of 
falling bodies at the earth's surface with that which guides the 
moon in her orbit. As the computation progressed and he 



\ 
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saw that his method was right, the amazing magnitude of his 
discovery began to dawn upon him, and its stupendous results 
overpowered him so much that he was obliged to entrust the 
finishing of his computation to the hand of a friend. His 
biographer has pictured this scene in these fitting words: 

" It were difficult, nay impossible to imagine, even, the influ- 
ence of a result like this upon a mind like Newton's. It was as 
if the key-stone had been fitted to the glorious arch by which 
his spirit should ascend to the outskirts of infinite space — 
spanning the immeasurable — weighing the imponderable — 
computing the incalculable — mapping out the marching of the 
planets, and the far-wanderings of the comets, and catching, 
bring back to earth some clearer notes of that higher melody 
which, as a sounding voice, bears perpetual witness to the de- 
sign and omnipotence of a creating Deity." 

Under an inspiration like this we may imagine that Newton 
wrote out, in bold outline, his great thought of universal gravi- 
tation, choosing for a title of the entire work the broad phrase. 
The Mathematical Principles of Natural Philosophy. It con- 
sisted of three books, the first two dealing with the motion of 
bodies, and the last titled " The System of the World," the 
matter of all being given in the form of mathematical propo- 
sitions and proofs, with suitable drawings. 

Although Newton appreciated in some degree the great 
work that he was doing, yet the low estimate that he placed 
on his own way of doing it, and the utter dislike that he had 
for the discussion that his new ideas and principles were con- 
stantly eliciting are well expressed in his own words, as fol- 
lows : 

" I had indeed composed this third book in a popular method, 
that it might be read By many ; but afterwards considering 
that such as had not sufficiently entered into the principles 
could not easily discover the strength of the consequences, nor 
lay aside the prejudices to which they had been many years 
accustomed, therefore to prevent disputes which might be 
raised on such accounts, I chose to reduce the substance of this 
book into the form of propositions, in the mathematical way^ 
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which should be read only by those who had first made them- 
selves masters of the principles established in the preceding 
books." 

Newton was without means or influence at this time, and the 
noble Halley who stood high in the Royal Astronomical So- 
ciety befriended him, and generously assumed the cost of pub- 
lishing the Principia in a bettef form and with more matter 
than Newton had intended to use. 

How Dr. Hook and a host of others prominent in name, in 
England, either claimed precedence or share in Newton's brill- 
iant discoveries that they were obliged to acknowledge as true, 
or assailed him and his friends bitterly for promulgating and 
supporting such ideas as the compound nature of white light, 
and the fact that the solar spectrum could possibly be more 
than three and one-half inches long, the devotees of science in 
the year 1887 will remember with impatience and pity while 
they wonder that the sensitive and pure-minded Newton could 
withstand all this and still triumph so royally. It is a wonder 
also to the best minds of this memorial year of the Principia 
that any one person in Newton's time could possibly have 
given to the world the first thoughts of the infinitesimal analy- 
sis, now the most powerful instrument of investigation known 
to the whole realm of mathematics and science in general. 
When the scholar of to-day opens the Principia and drinks in 
the breadth and depth and sublimity of its thought, can any 
such hesitate to acknowledge the divine help that guided the 
pen of the immortal Newton ? 

EDITORIAL NOTES. 



The next MESSENGER will be published in September, July 
and August being vacation months. 

Dr. H. C. Wilson of Washington, D. C, has been invited to 
a position in the new observatory at Carleton College, North- 
field, Minn. His instruments will be the Meridian Circle and 
the Equatorial. As soon as his part of the reductions of the 
observations of the Transit of Venus is completed at Wash- 
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ington he is expected to assume the duties of the new 
position. 

The fine new observatory building^ at Carleton College is 
now very nearly completed. The instruments will be re- 
mounted within the next sixty days. In our September issue we 
hope to give a cut of the new building with detailed descrip- 
tion of its plan, instruments, and something of the work con- 
templated. 

Quite soon, articles on interesting topics are expected from 
Professors Hall and Harkness of Washington, and S. C. Chan- 
dler, Jr. of Cambridge, Mass. 

Anuario for i88j from the national observatory at Tacubaya, 
Mexico, is received. It contains the usual matter, with two 
beautiful photographs of phases of the annular eclipse for 1886. 



Elements of Comet e i88y (Barnard). — On May 13, a tele- 
gram was received at Harvard College Observatory, announc- 
ing the discovery of a comet on the night of May 12, by Mr. 
E. E. Barnard, of Vanderbilt University, Nashville, Tenn. The 
discovery position was with reference to an 8th magnitude star, 
in a \^h iim 4\s, 3 S. 30° 48', the comet being north preceding 
om 58.93^ in a, and 11' 53" in d. The comparison star being 
recognized as Cordoba General Catalogue 20734, the following 
position was deduced by Mr. S. C. Chandler, Jr., and circulated 
as the discovery position : 

1887, May 12.706515^ Gr. M. T. 
App. a 15// \om 49.18^ 
App. ^— 30°35'50.6" 

A letter from Mr. Barnard states the position to be the result 
of nine ring-micrometer comparisons, the exact data being, in 
a om 58.96J, in 5 11' 52.8". 

On the night of May 13, Mr. Chandler observed the comet 
at Cambridge, his position being distributed on the following 
niorning to astronomers in this country. All the positions 
which have come to hand are here given, the Nashville posi- 
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tions being communicated by telegraph by Mr. Barnard, those 
from Albany by Prof. Boss, and the Harvard College (Wen- 
dell) positions being taken from a local newspaper. 
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In Science Observer and the Astronomical Journalj each of 
May 18, are found the following elements and ephemeris of 
Comet e 1887: 

T= 1887 June 26.682 G. M. T. 

oj = 27° 42.6' \ 

Q= 244 41.4 >-App. Equinox. 
i = 17 2.4 ) 
log q = 0.102 16 

Comparison with middle place gives C — 0: 

J ^ cos jS = — 0.06' 
J/5 = — 0.24 

The following is the ephemeris for Greenwich midnight : 
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9.4869 


2.4 


" 7.5 


16 8 


32 


8 54 


9.4714 


2.6 


'' II. 5 


20 


48 


4 17 


9.4618 


2.7 


" 15.5 
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+ 21 


9.4586 
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" 19.5 


16 47 


4 


+ 4 47 


9.4614 


2.9 


he light of May 12 


is taken as unity. 







Finlay's Comet, — I think Mr. Wilson's interesting article in 
your April number renders it highly improbable that the com- 
ets of DiVico and Finlay are identical. There seems however 
to be a more probable case of identity between Finlay's comet 
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and the comet of 1585, the resemblance of whose elements to 
that of Di Vico has been already noticed. For comparison I 
give the leading elements of the three, but those of the com- 
et of 1585 having been computed for a parabolic orbit will no 
doubt require modification : 





TT 


9, 


{ 


9 


Comet of 1585 


9° 8' 


37° 44' 


6° 5' 


1.0948 


Di Vico's Comet 


343 6 


64 24 


2 55 


1. 1864 


Finlay's Comet 


7 33 


52 26 


3 2 


0.9978 



If the first and third of these comets are identical and the 
number of revolutions is 45 the mean period would be 6.69 
years. This agrees sufficiently closely with the period of 6.675 
years assigned to Finlay's Comet. 

It seems past doubt however that in many instances there 
are families of comets. This fact renders the identification of 
individual comets somewhat precarious. But these three com- 
ets plainly belong to the same family. W. H. S. MONCK. 

Dublin, Ireland, May, 1887. 



Under date of May 2, Mr. Barnard kindly sent to the MES- 
SENGER the following, designed for the May number, which 
was received too late for publication : 

Orbit of Comet d i88y (Barnard Feb. 16). — From my own 
observations of Feb. i6th-28th and March 12th I have come 
puted the following orbit of Comet d. The observations were 
first corrected for parallax and aberration by an approximat- 

orbit (Sid. Mess, for April). 

ELEMENTS. 

T = 1887 March 28.39633 G. M. T. 
oi = 36° 28' 50" \ 
Q = 135 27 17 vMean Eq. 1887.0 
i = 139 48 39 ) 

log ^ = 0.00295 E. E. BARNARD. 

Vanderbilt University Observatory, Nashville, Tenn. 



Photographic Study of Stellar Spectra.—The first annual 
report of the photographic study of stellar spectra, conducted 
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at the Harvard College Observatory, through the patronage of 
the Henry Draper Memorial, has just appeared. 

The report begins by citing the facts that Dr. Draper was 
the first to photograph the lines of a stellar spectrum and re- 
lating how he pursued the work with skill and character- 
istic ingenuity until interrupted by his death in 1882; and how 
Mrs. Draper has made liberal provision for carrying forward 
the work at Harvard College Observatory, on a large'r scale, 
by the aid of the improved dry-plate process and other modern 
facilities incident to the rapid growth of stellar photography. 
The instruments used are an 8-inch Voigtlander photographic 
lens. Dr. Draper's ii-inch photographic lens, the 15-inch re- 
fractor. Dr. Draper's 28-inch reflector (soon to be added) and a 
15-inch mirror constructed by Dr. Draper with which his pho- 
tograph of the moon was taken. 

A brief description of the experimental work with the in- 
struments, the stars tried, and plates showing the results ob- 
tained make a prominent part of the paper. 

The investigations to be pursued in this department of the 
observatory work are, 

1. A catalogue of spectra of bright stars. 

2. A catalogue of spectra of faint stars. 

3. A detailed study of the spectra of the brighter stars. 

4. Faint stellar spectra. 

5. Absorption spectra. 

6. Wave lengths. 

It is thought that this photographic apparatus will be suffi- 
ciently delicate to determine the motions of the stars with a 
high degree of precision; as it is claimed an outfit has been 
furnished, on a scale unequaled elsewhere, and that Mrs. 
Draper has provided means for continued observation, reduc- 
tion and publication suited to the capacity of the instruments. 
This being true the Draper Memorial is a noble monument to 
the useful memory of one of America's noblest sons of Science* 
May it endure untarnished. But the Director of the H. C. Ob- 
servatory disappoints his friends when he speaks weak words 
concerning the encouragement of small observatories. 
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New Method for Time andAzimtUh, — The method perfected 
by Professor Wm. Dollen and widely used by Russian geodes- 
ists, according to which time and azimuth are determined, in 
a few minutes at any time of day, by setting the portable transit 
instrument, a universal instrument, in the vertical of the pole 
star, is one that is perhaps not so well known to American 
astronomers as it deserves to be. It is peculiarly adapted to 
the needs of explorers and those who have to do their observ- 
ing by daylight. For the great convenience of the increasing 
number of those who are learning to use Dollen's method, he 
has published "Stern Ephemeriden auf das Jahr 1887, zur Bes- 
timmung von Zeit und Azimut mittelst des tragbaren Durch- 
gangs instruments im verticale des Polarsterns.** Copies of 
this ephemeris can be had (by any who will study or teach or 
practice this method) by application to Professor Cleveland 
Abbe, Washington, D. C. We are obliged to Professor Abbe 
for kindly calling our attention to this interesting matter. 



New Red Star near 26 Cygni. — T. E. Espin, observer to the 
Liverpool Astronomical Society, discovered March 23 and 27 
a new red star 7.5 magnitude, oh om ^s F. 0° 3' S 26 Cygni. 
Its spectrum III !!!. 

Characteristic Curves of Composition. — The applications of 
the mathematics seem to be unlimited, and Professor Menden- 
hall is out with a late genuine surprise in this direction, as neat 
in principle as it may prove useful in practice. In a paper of 
14 pages he gives a plan for analyzing composition on repre- 
sentative counts of words used by a writer, in regard to length 
and relative frequency. When these counts have been made 
for any composition, the resulting numbers are placed in order 
on the adjacent sides of paper ruled in squares like mathemati- 
cal or computing paper, and a curve is drawn on the paper as 
directed by the numbers. Several interesting graphic illustra- 
tions are given in the paper before us and the tests of the sys- 
tem are surprisingly satisfactory. What need longer for Mr. 
Donnelly to be in doubt whether Bacon is the author of Shakes- 
peare or not. A school boy who will take the time to count 
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words enough of Bacon's writings and arrange the resulting 
numbers in proper form will doubtless find a satisfactory an- 
swer to the great question. 



The Origin of Nebuice, — We have not before had the privi- 
lege of reading Dr. James CroU's Origin of the Nebtdce, an ar- 
ticle which was published in the Philosophical Magazine for 
July, 1878, a copy of which this distinguished author has re- 
cently kindly furnished us. Parts of it, if not all, will appear 
later as space may be given to this important theme. 



Sur Les Spectres Invisibles is a translation of Professor 
Langley's publication into the French by Charles Baye, and 
published by Ganthier Villars of Paris. It is an honorable 
notice of American work. 



The American Astronomical Society of Brooklyn, N. Y., has 
published papers read before it during the last two years in neat 
pamphlet form, consisting, thus far, of 55 pages in two num- 
bers. These papers are excellent and deserve a fuller notice 
than space at this time will allow. The writers are, most of 
them, practical observers or workers who already have repu- 
tation in astronomical circles, as, for example, Professor Geo. 
W. Coakley, Henry M. Parkhurst, Garrett P. Serviss, and others 
that should be named. That society seems to be doing good 
work and should prosper. 



Warner Prizes for i88y, — From April ist, 1887, to April ist, 
1888, I offer ($100) one hundred dollars for each and every 
discovery of a new comet made between the above dates, sub- 
ject to the following three conditions : 

1. It may be discovered either by the naked eye or tele- 
scope, but it must be unexpected, except as to the comet of 
181 5, which is now looked for. 

2. (a) The discoverer, if residing in the United States or 
Canada, must send a prepaid telegram immediately to Dr. 
Lewis Swift, Director, Warner Observatory, Rochester, N. Y.^ 
giving the time of discovery, the position and direction of mo- 
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tion with sufficient exactness, if possible, to enable at least one 
other observer to find it. (b) Discoverers in the other coun- 
tries must send by immediate mail a full account of the dis- 
covery, as above required, to Dr. Lewis Swift, as above. 

3. In the United States and Canada this intelligence must 
not be communicated to any other party or parties ^ either by 
letter, telegraph or otherwise until publicly announced through 
the press by Dr. Swift, which he will do at once on informa- 
tion of the discovery. Great care should be observed regarding 
this condition, as it is essential to prevent duplication of an- 
nouncements and for the correct transmission of the discovery, 
with the name of the discoverer, which will be immediately 
made by Dr. Swift. 

Discoverers living in Continental Europe, will receive their 
prizes from Warner's Safe Cure Establishment, 10 Schaeffer- 
gasse, Frankfurt on the Main, Germany ; those living in Grectt 
Britain, from H. H. Warner & Co's Safe Remedies office, 47 
Farringdon St., E. C, London ; those in Australasia and Asia, 
from H. H. Warner & Co's Safe Cure Branch House, 147 Little 
Lonsdale St. W., Melbourne, Australia ; for other parts of the 
world, prizes will be paid here. 

Prizes will be awarded four (4) months after discovery and 
verification of claim. 

Three disinterested scientists will be selected to settle any 
dispute that may arise regarding comet discoveries. 

Rochester, N. Y., March 15, 1887. h. h. warner. 



The Great Southern Comet, — Unusual interest was felt in 
astronomical circles concerning the appearance of comet a of 
1887, which was also called the Great Southern Comet. It 
was first seen by Thome of Cordoba, South America, June 18, 
and soon after telegraphed to astronomers generally. This 
comet was without head or nucleus so that observations for 
place were very uncertain always, and worth very little for de- 
termining an orbit. It was observed through the month of 
January while passing through the constellations of Phoenix 
and Eridinus, and from the 22nd to the 25th the long, slim 
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train extending to a length of 40° was a beautiful sight to the 
naked eye. Dr. Thome computed the elements of its orbit 
finding that the comet had passed its perihelion Jan. 8, at a 
distance of about 18,000,000 miles from the sun with motion 
retrograde. In A. J. 156 S. C. Chandler has given a very full 
and thorough study of this comet, having computed a second 
orbit with the following elements : 

T= 1887, Jan. 8.730 

w=i74° 48.6' 

Q = i32 48.6 

/= 57 52.1 
log ^=8.36280 

C—0 
^^ cos /5 . — 1.2' 

^/5 +2.3 

From recent foreign papers we notice that the computation 
of final orbits for the following comets has been undertaken 
by the persons named below : 

Winecke's Comet by Baron E. von Hardtl. 

Comet 1840 I by Mr. Rechenberg. 

Comet 1848 I by Mr. F. Bidschof. 

Comet 1865 I by Mr. F. Koerber. 

Comet 1879 V by Prof. T. Zona. 

Comet 1882 II by Mr. H. Kreutz. 

Comet 1882 III by Mr. L. Stutz. 

Comet 1885 III by Prof J. Gallenmiiller. 

Comet 1886 III by Prof. G. Celoria. 

Comet. 1886 IV by Dr. S. Oppenheim and Mr. F. Bidschof. 

Paris Astronomical Congress, — This gathering of distin- 
guished astronomers and physicists was in session at the large 
hall of the Paris Observatory from April 16 to April 25. The 
following persons were present : Auwers, Berlin ; Baillaud, 
Toulouse ; Bakhuyzen, Leyden ; Bertrand, Paris ; Beuf, La 
Plato ; Bouquet de la Grye, Paris ; Brunner, .Paris ; Christie, 
Greenwich; Clou6, Paris; Common, Ealing; Cornu, Paris; 
Cruls, Brazil ; Donner, Helsingfors ; Dun6r, Lund ; Eder, Vi- 
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enna ; Elkin, America ; Faye, Paris ; Fizeau, Paris ; Folic, 
Brussels; Gautier, Geneva; Gill, Cape of Good Hope; Gyld^n, 
Stockholm ; Hasselberg, Pulkowa ; Henry (Brother), Paris \ 
Janssen, Meudon ; Kapteyn, Groningen ; Knobel, London ; 
Krueger, Kiel ; Laussedat, Paris ; Liard, Paris ; Loewy, Paris ; 
Lohse, Potsdam ; Mouchez, Paris ; Oom, Lisbon ; Oudemans, 
Utrecht ; Pechiile, Copenhagen ; Perrier, Paris ; Perry, Strong- 
hurst ; Peters, Clinton; Pujazon, Cadiz; Payet, Bordeaux; 
Roberts, Liverpool ; Russel, Sydney ; Schonfeld, Bonn ; Stein- 
heil, Munich ; Struve, Pulkowa ; Tachini, Rome ; Tennant, 
Ealing; Thiele, Copenhagen ; Tisserand, Paris; Trepied, Al- 
giers ; Vogel, Potsdam ; Weiss, Vienna ; Winterhabter, Wash- 
ington ; Wolf, Paris. 

Regarding instruments to be used in celestial photography, 
this conference decide, 

(i.) The instruments employed shall be exclusively re- 
fractors, and may be made locally provided the conditions 
laid down by the conference be fulfilled. 

(2.) The stars shall be photographed as far as the four- 
teenth magnitude inclusively, this magnitude being indicated 
provisionally by the scale actually in use in France, and with 
the reservation that the photographic value shall be definitely 
fixed afterward. 

(3.) The aperture of the object-glasses shall be o 33 meter, 
and the focal length about 3.43 meters, so that a minute of arc 
shall be represented approximately by o.ooi meter. 

Concerning photographic plates it was decided : 

(i.) All plates to be used should be prepared according to 
an identical formula to be subsequently determined. 

(2.) A permanent control of these plates from a point of 
view of their relative sensibility of the different radiations shall 
be instituted. 

(3.) The aplanatism and achromatism of the object-glasses 
employed shall be calculated for the wave lengths near Fraun- 
hofer's G. 

The account given in Nature, No. i. Vol. 6, of the discuss- 
ions of these and many other kindred points is instructive 
reading. 
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Haynald Observatoriiim. — The publications of this observa- 
tory at Katoosa, in three parts for 1886, have been received. 
The work is under the direction of Hiininger, Adolf S. J., and 
the illustiations of solar protuberances for 1884- 1886 are in- 
structive. 

Astronomical Photography. — The Princeton Review for May 
has a full and delightful article on the theme of astronomical pho- 
tography by Professor Young. He first glances at the history 
of this new branch of astronomical work, then notices the 
comparative merits of refracting and reflecting telescopes, after • 
which follows a particular and classified statement of work now 
going on : 

(i) Photographs of the solar surface, (2) photographs of the 
corona, (3) of the solar prominences, (4) of the moon, (5) plane- 
tary photography, (6) photography of comets and (7) of neb- 
ulae. Under the head of the use of photography as a means of 
precision in astronomical work, he speaks of photographs of 
eclipses, the transit of Venus, star-charts, double-stars, star- 
groups and clusters, and stellar parallax, of meridian observa- 
tions, of photometry and of stellar spectra. In point of histori- 
cal development, range of efficiency and judicious statement of 
astronomical facts, this article is very valuable for reference. 



Brass Micrometer Screws. — M. D. Ewell, of Chicago, noticing 
the irregularities in the work of his micrometer, which had the 
appearance of coming from the heat of the hand on the brass 
milled head screws of the instrument, has recently had them all 
removed and replaced by the material of hard rubber. In a late 
private note he says he now has no further trouble. 

Intra Mercurial Investigations. — The total eclipse of the 
sun which will occur near our midnight of Aug. 18 next may 
prove to be one of the most important of those witnessed in 
this century. The path of totality will pass across Europe and 
Asia, giving an opportunity for observations from scores of 
easily accessible stations. The greatest duration will be only 
three ^nd eight-tenths minutes, but wonders may be accom- 
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pHshed in, that short interval between the disappearance and 
reappearance of the sun. The United States will be well rep- 
resented by a party in Japan, which will take especial pains 
to photograph the corona and surrounding sky. It is under- 
stood that Old World observers will also work largely on the 
same general plan. 

It now looks as if the question of existence or non-existence 
of an intra-mercurial planet will come to the front on this oc- 
casion, after having been quietly shelved for several years. — 
§ Chicago Tribune. 

The Holden-Proctor Correspondence. — We gladly give place 
to the reply of President Holden to Professor Proctor, whose 
letter was mentioned in the May MESSENGER. The dignity 
and courtesy of the answer in general is a credit to President 
Holden and the prominent position he occupies. 



Orientation of Photographic Plates, — The late conference 
of astronomers, at Paris, passed the following resolutions in 
regard to the orientation of photographic negatives for star 
catalogues : 

Besides the negatives giving the stars down to the four- 
teenth magnitude, another series should be made with shorter 
exposures, to assure a greater precision in the micrometrical 
measurement of the fundamental stars, and render possible 
the construction of a catalogue. 

The supplementary negatives destined for the construction 
of the catalogue shall contain all the stars down to the eleventh 
magnitude inclusive. The Executive Committee shall deter- 
mine the steps to be taken to insure that this condition is ful- 
filled. 

The photographic plates to be used in formation of the Cat- 
alogue shall be accompanied by all the data necessary to ob- 
tain the orientation and the value of its scale ; and as far as 
possible these data shall be written on the plate itself. 

Each plate of this kind shall show a well centered copy of a 
system of cross-wires to insure the determination of errors of 
the field, and to eliminate those which may be produced by a 
subsequent deformation of the photographic film. — Nature^ 
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Variable Stars for June. — The following are the days on 
which the maxima of the variable stars named below occur 
as given by the Astronomischen Gesellschaft, except in the 
case of the fourth star which is at minimum : 

June 2, T Hydrae June 17, S Persei 

5, T Delphini 18, R Delphini 

5, Vulpeculae 19, R Virginis 

7, W Scorpii 22, R Geminorum 

9, R Hydrae, Min, 23, R Orionis 

14, U Virginis 23, R Capricorni 

23, T Acquarii 

New Miner Planet (266) was discovered by Palisa of Vienna, 
In G. M. T. its place, May 17.5, was, 

a = 16// 13W \2s 
<J = — 19° 8' 



Planets for June. — June 5, Mercury sets 8// 45.7W in the 
evening. June 30 the planet is in greatest eastern elongation^ 
25° 51', good position for observation. 

Venus sets June 5 at \oh 4S.2m, 

Mars is too near the sun for observation. 

Jupiter sets June 6 at 2// \2m A. M., and is stationary on the 
22nd of the month. 

Saturn was in conjunction with Venus May 30. Its distance 
is now so great that observation is unfavorable. 

Uranus sets June 6 at \h 2gtn A. M., is stationary on the i6th^ 
and in quadriture with the sun June 20th. 

Neptune is near the sun. 



BOOK NOTICES. 



Elementary Treatise on Determinants by William G. Peck^ 
Ph. D., LL.D., Professor of Mathematics and Astronomy in 
Columbia College. Publishers, A. S. Barnes & Co., 1887; pp. 47. 

The subject of Determinants has recently proved so valuable 
in the study of modern coordinate Geometry and kindred 
branches that there is a growing demand for a knowledge of 
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the elementary principles of the subject, at least, either for 
those who teach, or those who wish to pursue modern methods 
of mathematical investigation. This little book treats of the 
elementary principles of the subject in the usual way through 
the definitions, principles and the properties of Determinants, 
minors, co-factors and reduction, and then follows the applica- 
tion to the solution of equations, consistence of equations, 
eliminants and homogeneous equations of the first degree. 
Following this the principles of Determinants are more fully 
developed and their operation on higher and unequal orders 
studied when the student is asked to apply to them the princi- 
ples of the infinitesimal analysis which, though brief, forms an 
interesting feature of the work. Every teacher or live student 
of mathematics who has not already a good work on this theme 
may profitably examine this one. 

Electricity and its Discoverers, by Rev. M. S. Brennan, of 
St. Louis. New York: D. Appleton & Co., publishers, 1885 ; 
pp. 191. 

The recent extraordinary progress of knowledge in the dif- 
ferent branches of Electricity and the possibilities of its ex- 
tended uses in the practical affairs of life have turned the at- 
tention of all classes to it during the last few years. Many 
large and excellent books have been written, showing complex 
and intricate phases of theory belonging to the science for the 
benefit of the scholar and the specialist ; but this little book 
has aimed only to give a knowledge of its principles to the ex- 
clusion of the mechanics of the subject. The author believes 
in the identity of all forms of electricity, and has depended on 
this relation in his treatment of it. He also speaks of it as 
woman's science, and gives credit to scholars of that class for 
original work in its development. Though not new, as a little 
book for the popular reader it may find a useful place in many 
libraries. 



The Sidereal Messenger, 

CONDUCTED BY WM. W. PAYNH, 

Director of Carleton College Observatory, Nortlifielcl, Minnesota. 

Vol. 6, No. 7. SEPTEMBER, 1887. Whole No. 57. 

THE TIME SERVICE OF THE LICK OBSERVATORY. 



JAMES E. KEELER.* 
For the Messenger. 

The distribution of time by electric signals to railroad and 
telegraph companies, cities, private business firms, and other 
corporations or individuals, for commercial purposes, forms at 
the present day a part of the routine work of a number of the 
larger observatories in the United States. The advantages of 
these "time services" are manifold, and hardly need to be point- 
ed out. A greater degree of accuracy and uniformity is secured 
than would be possible in any other way, and these are con- 
siderations which are daily becoming of greater importance. 
Chronometers and other time-pieces can be easily and accu- 
rately rated without the expensive instrumental outfit of an 
observatory and the skill required for its use, at any place 
where telegraphic communication can be had. The astron- 
omer on his part finds the establishment of an already per- 
fected system of time distribution of great service on occa- 
sions of special interest to him, such as transits and eclipses, 
when it is not usually possible to make the necessary observa- 
tions at fixed observatories, and many observations of value are 
obtained which would otherwise be lost. A less obvious, but 
not the less important consideration, is the connection which is 
thus formed between the more abstruse work of the observa- 
tory and the ordinary affairs of every day life, bringing con- 
tinually before the mind of the public the practical applica- 
tions of astronomical science, and inspiring confidence in the 
accuracy of its methods. 

* In charge of the Time Service at Lick Observatory, Mt. Hamilton, California. 
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It was eminently proper that the Lick Observatory, the only 
large and completely organized institution of the kind on the 
Pacific coast, should be the center of such a system of time 
distribution for the surrounding country, sending its clock sig- 
nals far enough to connect with the already established sys- 
tems in the East. Accordingly in the early part of the year 
1886, contracts for supplying time by automatic signals from 
a clock were made by Professor Holden, on behalf of the Lick 
trustees, with the Southern Pacific and other companies. I 
was invited to come out and take charge of the time service, 
and arrived on the mountain in April of the same year, but on 
account of unexpected delays in running the necessary tele- 
graph lines and providing proper instruments, formal notice 
of the beginning of signals according to the contracts was not 
given until the first of January, 1887. Since that time the 
performance of everything connected with the system has 
been gradually improved until it is now perfectly smooth and 
satisfactory. 

In the following account of the time service which has thus 
been established, I do not purpose to describe the well known 
methods for finding time, regulating clocks, etc., but to state 
the practice at this observatory, with such modifications of the 
usual methods as experience has shown to be advantageous, 
either on account of the instruments at command, or the un- 
usual circumstances in which the observatory is placed. It 
will be understood that a great part of the apparatus which is 
used in the ordinary process of determining time is not 
specially intended for these purposes only, but forms an inte- 
gral part of the instrumental outfit of the observatory. 

The transit instrument is mounted in a room adjoining the 
large meridian circle house on the west. It has an object 
glass by Clark & Sons, 4.1 inches in clear aperture, and of 47.0 
inches focus. Its optical qualities are excellent, and I have 
several times seen the companion of Antares with it, when 
that star was in transit. The mounting is by Fauth & Co., is 
well made and satisfactory. The piers are heavy, open frame- 
works of cast iron, covered by walnut jackets, and were used 
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as at first set up for some time, but as the azimuth and level 
constants of the instrument varied considerably from night to 
night, they were subsequently filled with brick and Portland, 
cement, by which their stability was greatly increased. The 
pivots are of bronze, 2.1 inches in diameter, and rest in agate 
Y's. They are sensibly cylindrical, but slightly unequal in 
size, the correction to the level constant on this account being 
— 0.021^ for clamp west. Part of the weight of the instrument 
is relieved by counterpoises. For reversing, which requires 
about 3>4 minutes, a special carriage is provided. On one end 
of the axis is a circle 16 inches in diameter, coarsely divided 
on the edge to 20', with a level alidade reading by two verniers 
to i'. This circle is used as a finder, and is set to read zenith 
•distances. 

In 1885 the instrument was sent back to the makers and re- 
modeled by them according to designs by Professor Holden, 
so as to serve also as a zenith telescope. A finely divided 
circle reading to 10", with latitude level, was put on the other 
end of the axis, and the micrometer was made to rotate <yp 
between adjustable stops, so as to move in declination when 
desired. The finely divided circle is symmetrical with the 
finder, and marks the clamp end of the axis. 

The glass reticle plate contains thirteen vertical lines, and 
one horizontal line to mark the center of the field. Of the 
vertical lines only the central group of five is used. The equa- 
torial interval between two lines of this group is 1.170^, which 
is perhaps a little too small. At the zenith the interval is 
1.472^. Whole revolutions of the micrometer, which carries a 
single spider's thread, are registered on a dial optside the box. 
The value of one revolution is 2.931^. 

The illumination is effected by a lamp, placed on a stand 
about six feet from the west end of the axis. It is so easy to 
rotate the illuminating mirror in the telescope when the tran- 
sit IS reversed that I have not placed a lamp on the opposite 
side. 

The system of electrically controlled finding clocks which 
has recently been introduced into the observatory deserves 
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especial mention. All the standard clocks are in a room in 
the main building, and can only be seen from the window 
opening from this room into the long hall. At all instruments 
where an approximate knowledge of the sidereal time is neces- 
sary, clocks provided with electric control (Gardner's patent) 
have been set up, and connected by the same line with a 
Leclanch^ battery of four cells in the battery room. The wires 
lead also through a button near one of the standard sidereal 
clocks in the clock room. When this button is touched the 
minute and second hands of all the finding clocks in the circuit 
spring to zero, and it is only necessary to do this at the proper 
time, t. e,, at any even hour, to set all the clocks. 

These finders, which will run several days without varying 
more than a few seconds, are even more convenient than a 
standard sidereal clock near at hand would be, as they can al- 
ways be set to show the true sidereal time, and the observer is 
not troubled with allowance for error of the clock. The dial 
and hands are moreover larger, and easier to see at a distance. 
Other clocks of the same kind regulated to mean time, have 
been placed in the dwelling houses below the observatory, and 
are set by touching a button in front of the standard mean 
time clock. The same battery furnishes the current for these 
clocks, as well as for other electrical instruments in the ob- 
servatory which are only occasionally brought into use. The 
cost of each clock, including the electric control, was $25. 

The sidereal finder in the transit house is on a stone pier, 
originally intended for a standard clock, near the wall on the 
west side of the transit, where it can be seen from any part of 
the room. 

The chronograph ordinarily used is on the north side of the 
same room. It was made by Fauth & Co., and its perform- 
ance is good. It is unnecessary to say that everything tending 
to the convenience and comfort of the observer has been pro- 
vided. 

The meridian of the Fauth transit has been adopted as the 
standard meridian of the observatory. The dome of the 12- 
inch equatorial has been connected by the Coast Survey with 
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the primary triangulation of the Pacific coast, and reducing 
the coordinates of this point to the center of the mercury basin 
of the transit, we have for the position of the latter, 

<p = 37"^ 20' 24.56" 

A = 8A dm 34.29^ west of Greenwich. 

The latitude determined by Prof. Comstock from a preliminary 
leduction of observations made with the meridian circle during 
the summer of 1886 differs from that of the Coast Survey by 
only 0.4"."*^ 

The observatory possesses five astronomical clocks and five 
chronometers. All of the clocks are mounted on piers in a 
room specially constructed for the purpose in the main build- 
ing, vrhere they are protected from dust, fog and sudden 
changes of temperature. The sidereal clock which has been 
most used in connection with the time' service is mounted in a 
closet, itself with double walls and doors, on the west side of 
the clock room. It was made by E. Dent & Co. of London, 
has a gravity escapement and mercurial pendulum, and is of 
very beautiful workmanship throughout. On account of 
changes made in the positions of the clocks, and on account 
of experiments which were made for the adjustment of the 
temperature compensation of their pendulums, etc., none of 
these clocks has been allowed to run for any length of time 
without disturbance. Below are given the rates of the Dent 
clock for the longest interval during which it has been suffered 
to run uninterruptedly in its present position. 



Date. 


Mean Temp. 


(JT 


Date. 


Mean Temp. 


^ 


1887, March 1 . . . 


^1 


8 
— 0.08 


1887, March 20.. 


5^2 


8 

— 0.03 


4... 


44 


— o.o« 


25.. 


53 


— 0.11 


«... 


45 


— o.os 


27.. 


54 


— 0.10 


8... 


4.1 


— 0.13 


29.. 


.5« 


0.05 


10... 


48 


— 0.05 


31.. 


5?> 


+ 0.03 


13... 


51 


-p 0.09 


April 3.. 


57 


+ O.Ol 


I'S... 


5» . 


+ 0.05 


5.. 


5S 


— 0.04 


13... 


54 


+ 0.03 




58 


— 0.02 



* SiDBRBAL Mbssbngbr, December, i886. 
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The average height of the barometer was 25.80 in., and the 
extreme variation 0.30 in. 

The other sidereal clocks have been occasionally used. Two 
by Hohwii of Amsterdam, with dead beat escapements, run 
qiiite as well as the Dent clock. 

The mean time clock was made by E. Howard & Co. of 
Boston. It is mounted on a pier in the clock room, in front 
of the window opening into the main hall, where it can be 
seen from the switch board outside. This clock is kept 6m 
34.29^ fast of the local mean time of the transit instrument, 
and therefore indicates the time of the 120th meridian from 
Greenwich, or Pacific Standard Time. In construction it is 
similar to the clock used for the same purpose at the Wash- 
burn Observatory in Madison, Wisconsin. The pendulum car- 
ries a cluster of four steel jars filled with mercury, and has a 
dead beat escapement. Through inexcusable carelessness of 
construction the verge of the escapement, when the instru- 
ment was received from its makers, was so put on its arbor 
that the teeth of the scape-wheel struck sometimes on the 
jeweled pallets and sometimes on the steel frames in which 
the pallets are set. The rate of the clock was naturally very 
irregular. After this had been remedied by resetting the 
verge, the clock performed very well, and has since given en- 
tire satisfaction. The pendulum is provided with a nut turned 
by short spokes, traversing a thread cut on the pendulum rod 
a short distance above the bob, for regulating its rate, but as 
the act of turning this nut disturbs the pendulum to some ex- 
tent, and the rate is greatly affected by variations in the arc 
of vibration, its use has been abandoned and the rate adjusted 
entirely by the use of weights, the smallest of which produces 
a change of OAs per day. The weights riiost frequently used 
for correcting small errors are cut to produce a change of o.i^ 
per hour. Each is provided with a projecting pin for lifting 
and weighs 4.64 grammes. For convenience the clock is kept 
with a slightly losing rate, and the application of one of these 
weights to the top of the pendulum is required about an hour 
every day. 
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The apparatus for repeating the beats of the clock by elec- 
tricity is arranged as follows : The scape-wheel arbor carries 
a steel wheel originally with 30 teeth, the 30th being cut 
away. At every even Second except the 58th one of these 
teeth lifts a spring and breaks an electric circuit. The second 
wheel of the train drives a five-minute wheel with smooth 
rim, in which a notch ten seconds long is cut. Immediately 
after the fiftieth second, preceding every even fifth minute a 
catch falls into this notch and short-circuits the two-second 
break, so that the latter does not operate until the beginning 
of the next minute. The relay connected with the clock beats 
therefore even seconds of Standard Pacific Time, omitting the 
58th second oi every minute, and the 52, 54, 56 and 58th sec- 
onds preceding every even fifth minute. 

On the switch board outside the clock room are, besides 
other instruments, five ** back contact" relays of low resistance, 
one for each of the five clocks. From these relays, which take 
the place of the clocks for all time observations, either make 
or break-circuit signals can be sent, no matter what the ar- 
rangement of the electric apparatus in the clocks may be. 
Only feeble currents are sent through the clocks. The switch 
board need not be described. Its arrangement is so simple, 
notwithstanding the number of instruments leading to it, that 
any desired connection can be made in a moment even in the 
dark, and with any battery power required. At the left end 
of the switch board is a relay marked " receiving magnet,'* 
which through the day is connected with the back-contact re- 
lay of the No. 7 or mean time clock. Through the relay points 
of the receiving magnet passes the main line from the ob- 
servatory to San Jose, and the current on this line is therefore 
interrupted simultaneously with the beats of the No. 7 clock 
relay. 

The observatory is connected with a large relay for repeat- 
ing the* time signals in the railroad office of the Southern 
Pacific Company in San Jose, by twenty miles of No. 9 iron 
wire, and it is responsible for the proper working of this relay. 
This telegraph line runs for a great part of the way through 
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wild and mountainous country, and for several miles at the 
upper end is exposed in winter to violent storms. The care 
of the transmitting line is therefore much greater than in most 
other time services, where sometime the instrument at which 
the responsibility of the observatory ceases is in the building 
itself. 

The relay in San Jose opens or closes simultaneously four 
different circuits, which will be described separately^ further 
on. It is at one end of the operator's table in the railroad 
office, and is enclosed in a glass case to exclude the dust. 
Above it on a shelf are four indicators, one for each pair of 
relay points, through which the circuits interrupted by the 
relay are led to show that good contact is made at every beat 
of the instrument. Four corresponding switches outside the 
glass case allow the relay points to be cut out of circuit when 
the clock signals are not desired on the local lines. The relay 
is wound to a resistance of 150 ohms. The responsibility of 
the observatory for the proper transmission of time-signals 
ceases at this point. 

The line to San Jose is led at the observatory through a 
lightning arrestor (not often needed in this climate) on the 
switch board, and a relay having a resistance of 150 ohms, 
placed on a bracket near the clock room window. This relay 
serves merely as an indicator. The end of the line at the ob- 
servatory is grounded by connection with the system of water 
pipes. The resistance of the line, including the indicator and 
the four point relay at the other end, is about 800 ohms. A 
battery of 18 gravity cells is used. In fine weather 5 of these 
cells are just sufficient to work the instrument in San Jose. 

On the same poles with the time line is strung a telephone 
wire of the same size, also the property of the observatory, 
connecting the dwelling house on the mountain with the cen- 
tral telephone office in San Jose, which is about a quarter of a 
mile nearer to the observatory than the railway station. There 
are three intermediate telephone stations on this line, at ap- 
proximately equal distances apart, known as " Smith's Creek," 
"Sneirs Ranch" and the "Junction House," in the order of 
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distance from the summit. The two wires are liable to cross 
in severe storms, by breaking of the poles or insulators, and it 
is a matter of importance to have some means of locating the 
fault. 

When both lines are in good order, the beats of the clock 
can be distinctly heard in any of the telephones, by induction 
between the twp wires, although they are not loud enough to 
interfere with conversation. When a cross occurs, however, 
the powerful current from the main battery divides between 
the lines, a part reaching the earth through both ends of the 
telephone wire, and violent concussions are produced in all the 
telephones. If the observatory end of the telephone wire is 
then disconnected from the ground, the beats will cease to be 
heard (except very faintly) at stations between the cross and 
the observatory, and continue as before between the cross and 
San Jose. In this way the two stations can be determined be- 
tween which the cross occurs. 

Accidents are most liable to happen between the summit 
and Smith's Creek, where the line is most exposed to severe 
weatjier, and it is desirable to locate the position of a cross 
here with some degree of precision. A tangent galvanometer 
is kept near the clock room at the observatory, and can be in- 
troduced at any time into the main line. In fine weather, with 
the line in good condition, the 18 cells will produce a deflec- 
tion of the galvanometer needle of 47°, and the battery is 
cleaned when the deflection falls below 40°. When a cross 
occurs the current divides as above mentioned, the total re- 
sistance of the circuit is diminished, and the galvanometer de- 
flection is increased. By observing the deflection (i) with 
both ends of the telephone line ppen, (2) with the observatory 
end open and the San Jose end grounded, (3) with the San 
Jose end open and the observatory end grounded, the position 
of the cross can lie determined with considerable accuracy. 
The changes in the connection of the San Jose end are easily 
arranged by communication with the attendant in the central 
telephone office, the clock being temporarily disconnected for 
the purpose. The battery of 18 cells is sufficiently powerful 
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to work the relay in San Jose, even when a large part of the 
current is diverted by contact with the telephone wire, but all 
communication on the latter under these circumstances is 
stopped. 

The San Jose relay is allowed to beat from 9 A. M. to 6 P. M. 
every day except Sundays. The mean time and sidereal clocks 
are compared just before 9 A. M., and the former adjusted so 
that its error shall be as nearly as possible zero at noon, when 
a special signal is sent, according to the following programme : 
At 23A <iOm the usual break-circuit signal is changed to a 
make-circuit one (as such signals are less liable to interruption 
in telegraphing), by reversing the switch of the back-contact 
relay, and made long by proper adjustment of the tension of 
the armature springs. At 23/^ 56W the clock is cut off, and 
the armature of the receiving magnet is rattled or time called 
until 23A 57W. The clock remains disconnected from 23A 57W 
to 23A SJm 58^, when it is switched in again, so that the first 
beat heard at a distance after the pause of one minute is 23A 
S^m OS. The clock is then allowed to beat two minutes, omit- 
ting as usual the 58th second of the 58th minute and the 52, 
54, 56 and 58th seconds of the 59th minute. At o/i Otn is the 
clock is cut off, and the last beat heard at a distance is there- 
fore ok om OS or noon. The usual break-circuit signals are 
begun again at the end of about five minutes. 

It is evident that the time can be told precisely at any dis- 
tant instrument, at any time between 9 A. M. and 6 P. M. pro- 
vided that a person there has the means of identifying the fifth 
minute indicated by the long pause of 10 seconds, i. e.^ pro- 
vided he knows the time already to within 2>^ minutes. 

Besides the standard sidereal clock, two mean time chro- 
nometers are used, and are compared with the Howard clock 
three times daily ; at 9 A. M., at noon (immediately after the 
special signals) and at some time in the evening. One of the 
chronometers, Negus 1719, has nearly as uniform a rate as a 
good clock. The other is a fair instrument. The comparisons 
are made by ear, using a sounder in the clock room worked by 
the relay points of the receiving magnet. Taken in connec- 
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tion with the morning comparisons, they give a check on the 
error of the noon signals. 

The sidereal clock correction is determined, on an average, 
about every other evening. In arranging a system of obser- 
vation which should give the greatest degree of accuracy with 
the least expenditure of time and labor, regard was paid to 
the following facts, due to the peculiar situation of the obser- 
vatory and the manner in which the instruments are mounted : 
I. For the greater part of the year, during the summer and 
autumn months, observations can be made whenever desired, 
so far as the atmospheric conditions are concerned. 2. During 
the winter months very heavy fogs prevail, which, however, 
seem often to extend very little above the top of the moun- 
tain, and frequently bright stars near the zenith can be very 
well observed when the whole mountain top is shrouded in 
dense clouds. 3. Facilities were at hand for erecting a suit- 
able mark from which the azimuth and coUimation of the in- 
strument could be obtained at any time. 

Twenty-nine feet immediately south of the Fauth transit, on 
a brick pier, is the 5-inch object glass of the photoheliograph, 
an instrument in all respects similar to those employed by the 
parties sent out by the United States government to observe 
the last Transit of Venus, and forty feet south of this, on a 
pier in a photographic laboratory constructed for the purpose, 
is the plate-holder of the same instrument." The objective 
thus forms an admirable collimator for the transit, and as both 
piers are substantially built and well protected from the 
weather, it was probable that the azimuth of a mark observed 
through the collimator would be subject to but little change. 
A mark was made by fastening on to an adjustable iron frame 
secured to the base plate of the photographic plate-holder a 
piece of glass cut from an old "fogged" dry plate, on which 
fine lines had been ruled with a knife so as to scratch through 
the collodion film. The visual focus of the photoheliograph 
lens IS about three inches longer than the photographic focus, 
so that the mark does not at all interfere with the plate- 
holder. When the mark is illuminated by a hand lamp and 
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viewed with the transit instrument, the scratches appear as 
fine, bright vertical lines on a darker background, and they 
can be bisected by the micrometer thread with great precision. 

Experience showed that the azimuth of the mark was very 
nearly constant. It has been determined carefully about once 
a month since first set up, but the changes have hardly been 
more than«the probable error of observation. In determining 
the azimuth of the instrument from that of the mark, the cen- 
tral line of the latter is assumed to be 0.13J west of south. 

For the regular routine determinations of the clock correc- 
tion for time-service purposes, I have arranged the stars of the 
Berliner Jahrbuch and the American Ephemeris in fifty-three 
lists, which are consequently about half an hour apart. The 
ideal construction which I have endeavored to approach as 
closely as possible in making out these lists, is as follows : 
Each list consists bf four stars, not differing more than twenty 
minutes in Right Ascension, arranged in two pairs, one pair to 
be observed in the direct and one in the reversed position of 
the axis. Each pair consists of a north and a south star cul- 
minating at zenith distances not exceeding 15°, and such that 
the mean of the clock corrections given by the members of the 
pair shall be free from error of azimuth. The mean of the four 
stars is then almost entirely free from errors of azimuth and 
collimation. 

The following lists very nearly fulfil these conditions. The 
column B, for the level factor, has been omitted. 

No. 10. 



star. 


Mag. 


R. A. 


Dec. 


Zenith Diet. 



A. 


0. 


£ Persei 


3.3 
4.0 

4.7 
4.0 


h m B 
3 50 16 

3 51 38 

3 53 1 

4 28 


/ 
+ 39 41 

+ 35 28 

+ 21 4ri 
+ 47 25 


/ 

2 21 N. 

1 5-2 S. 

15 H4 S. 

10 05 N. 


-0.05 
+ 0.04 

+ 0.29 
-0.26 


+ 1.30 


^ Pereei 

A' Tauri 


+ 1.23 
+ 1.08* 


c Pereei 


+ 1.48* 







♦ Usually the sin of C after reversing is — instead of + as given above.— Ed. 
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No. 39. 



star. 



fi DraconiB. 
<i Opbiuchi 

^ Herculis . 
jjl Hercnlie 



Mag. 



2.7 



2.0 

3.3 
3.8 



R. A. 



h m 8 
17 27 53 

17 29 41 



17 S6 17 
17 42 2 



Dec. 



o 
+ 5i 



mi 



+ 12 89 

+ 46 04 

+ 27 47 « 



Zenith Diet. 


A. 


/ 






15 08 


N. 


— 0.40 


24 41 


S. 


+ 0.43 


8 44 


N. 


— 0.22 


9 33 


S. 


+ 0.19 



c. 



+ 1.64 
+ 1.03 

+ 1.44* 
+ 1.13* 



These are among the best of the H.sts, but there are many 
others nearly as good, and in very few of them is the mean of 
the clock corrections from the four stars affected by so much 
as half the azimuth error. With lists like the above it has 
l)een my practice to merely verify the position of the instru- 
ment by inspection of the mark, and if no change is percepti- 
ble to use the azimuth constant of the last measurement. For 
determining the level constant, Fauth & Co. have provided 
two excellent levels, the least sensitive of which has hitherto 
been used. One division of the scale = 1.04"= 0.070J. The 
radius of curvature is 540 feet. 

The probable error of a clock correction from one of these 
lists cotaining only Berliner Jahrbuch stars, with the instru- 
mental constants well determined, is 0.02^. If the azimuth or 
colHmation is in error, the probable error of the clock correc- 
•tion, determined from the discrepancy of the results of the in- 
dividual stars, will be increased, but the absolute degree of 
accuracy of the clock correction remains the same. An error 
"in azimuth will be pointed out by systematic differences be- 
tween the north and south stars; one in collimation by a dif- 
ference between the pairs. 

Of course if one star out of the list is lost, the clock correc- 
tion under these circumstances will be in error. In summer 
this IS not likely to happen. In winter very frequently the 
regular list cannot be observed, and instead the brightest stars 
must be selected. The azimuth mark is then very useful, as 
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by means of it a good value of the clock correction can be 
obtained from a single star. The colHmation of the transit 
telescope is fairly constant. 

As the azimuth does not have to be deduced from the ob- 
servations, the reductions are the simplest possible, and I 
doubt whether an equal number of observations could be made 
to give a more accurate value of the clock correction than 
that obtained by this arrangement. 

Having now described the methods practiced at the obser- 
vatory for the transmission of accurate time, I pass to a con- 
sideration of the different uses made of the signals outside of 
the observatory. Of the four pairs of points of the large relay 
in San Jose, one is used by the Southern Pacific Company, one 
by the Sunset Telephone Company, one by a jeweler in San 
Jose, and one was intended for use by the South Pacific Coast 
Railroad. The recent purchase of the latter road by the 
Southern Pacific Company leaves at present one pair of points 
unused. 

The noon time signals are sent automatically over the South- 
ern Pacific Company's telegraph lines to Oakland, where an 
operator, tapping his key in coincidence with the clock beats 
on his^ sounder, sends them over the general system of the 
company, causing the beats to be heard in every station on 
the lines as far as Ogden and El Paso. This method of re- 
peating, although not quite so accurate for scientific purposes 
as an automatic one, is more certain and better adapted to the 
requirements of railroading. On the pier in Oakland, where 
the signals are received, a chronometer is kept which is rated 
by means of the signals, and is used in case of any accident to 
the lines connecting the office there with San Jose. Large 
clocks at the ferry slips in San Francisco, which are furnished 
with the correct time by signals transmitted by cable from 
Oakland, regulate the departure of the ferry boats, and also 
of the various lines of cable cars which start from the foot of 
Market Street. 

The second pair of points is connected by a wire with the 
central telephone office in San Jose, about a quarter of a mile 
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from the railroad station, and the clock signals can be repeated 
on a sounder in the office, or the current from four Fuller's 
cells sent directly through any telephone in San Jose, San 
Francisco, or elsewhere in the system. The city hall clock of 
San Jose is struck, by an electric arrangement, from the tele- 
phone office. 

The third pair of points is connected by a private wire with 
the shop of Mr. W. D. Allison, a leading jeweler in San Jose, 
and repeats the clock signals on a relay near his regulator. 
Mr. Allison is introducing a local system of time distribution, 
with electrically controlled clocks like those already described 
in use at the observatory. 

It will be seen that the observatory signals are sent over a 
great extent of country. There has nevertheless been no de- 
fect in the proper working of the whole and all the arrange- 
ments now in use have been found satisfactory. The only 
causes liable to interrupt the regular transmission of the sig- 
nals are accidents in winter to the line connecting the obser- 
vatory with San Jose, and it has been shown that means are 
prbvided for the detection of any fault here, and its speedy 
remedy. 

It may be of interest, in closing, to give a few notes on the 
atmospheric conditions prevailing at the observatory at differ- 
ent seasons of the year. Much has been written on this sub- 
ject, but the previous tests were all made during the most 
favorable period. The time and other observations which 
have now been made here continuously for some fourteen 
months, give the means for making a fairly accurate estimate 
of the chances for good observing throughout a complete cycle 
of the seasons. 

An estimate of the "seeing" was made each night on a scale 
of 5 ; 5 representing perfect definition and o impossibility of 
observation. These estimates refer to the state of the atmos- 
phere up to midnight only, and therefore represent conditions 
more unfavorable than those which actually obtain, as high 
winds after sunset, which are almost invariably accompanied 
by bad definition, frequently die away after midnight, and the 
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"seeing" becomes good in the early hours of the morning. 

The difference between the summer and winter months in 
regard to the suitability of the nights for astronomical obser- 
vation is enormous. During the summer a bad night is excep- 
tional, and the average " seeing" is at least 4 on the above scale. 
On a fine night I have watched the image of Polaris crossing 
the lines of the transit instrument with as little tremor as if it 
were a material point moving on the reticle. I have seen a 
bright star (Vega) with a small spy-glass, when at a true 
zenith distance of 91®. Stars culminating at a zenith distance 
of 87° can be well observed with the transit. This estimate 
of the seeing during the summer nights does not, I think, 
differ much from those of Mr. Burnham and Professor Com- 
stock. ' 

During the winter, on the contrary, the atmospheric condi- 
tions are very unfavorable, and for two months it is doubtful 
whether astronomical work could be pursued to advantage. 
The following table shows the record for the winter of 1886-87: 



Average seeing on scale of 5 

Number of good nights (rated at 4) 

Number of fair nis;litB (rated at 3) 

Number of nights on which observation was impossible. . . 



Dec. 


Jan. 


Feb. 


2 


2 


1V4 


3 


2 


2 


8 


11 


8 


6 


5 


13 



Mar. 

2V4 
5 
16 
5 



THE RELATION OF AEROLITES TO SHOOTING STARS.* 



PROF. DANIEL KIRKWOOD. 



The writer more than twenty years since gave reasons for 
believing that shooting stars, fire balls and meteoric stones 

move together in the same orbits.t The facts then collected 
were deemed sufficient to sustain the theory advanced, or at 
least to give it a high degree of probability. This view has 
been rejected, however, by several eminent astronomers, and 



* Read before the American Philosophical Society, April 15, 1887. 
t Meteoric Astronomy, Chap. v. 
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especially by the present Astronomer Royal for Ireland, the 
distinguished author of "The Story of the Heavens." He re- 
marks: "It is a noticeable circumstance that the great 
meteoric showers seem never yet to have succeeded in pro- 
jecting a missile which has reached the earth's surface. Out 
of the myriads of Leonids, of Perseids, or of Andromedes, not 
one particle has ever been seized and identified. Those bodies 
which do fall from the sky to the earth, and which we call 
meteorites, never come from the great showers, so far as we 
know. They seem indeed to be phenomena of quite a different 
character to the periodic meteors" (Story of the Heavens, p. 

349)- 

In pointing out the coincidence in the epochs of shooting 

stars and meteoric stones,* the present writer neglected to 
assign an obvious reason for the fact that star shpwers are so 
seldom observed at the same time with the fall of aerolites: 
a majority of the latter have been seen in the day time, when 
ordinary shooting stars would be invisible. At night, how- 
ever, the phenomena have. more than once occurred at exactly 
the same time. The writer called special attention to one of 
these epochs as long since as 188 i.t In describing the shower 
of April meteors as it occurred in the year 1094, the historian 
says : "At this period so many stars fell from heaven that they 
could not be counted. In France the inhabitants were amazed 
to see one of them of great size fall to the earth, and they 
poured water on the spot, when to their exceeding astonish- 
ment, smoke issued from the ground with a hissing noise."J A 
few other examples are given below : 

(i) During the meteoric display which continued through 
three consecutive nights in the latter part of October, A. D. 
585, a globe of fire, sparkling, and producing a great noise, fell 
upon the earth.§ 

(2) A simultaneous fall of aerolites and shooting stars is 



* Metr. Astr., pp. 58-64. 
t Science, Feb. 5, 1881, p. 59. 
X Am. Journ. of Sci., Jan., 1841, p. 356. 
Quetelet^s Physique du Globe, p. 391. 
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indicated by the phenomena of 1029, as described in the cata- 
logues of Herrick and Quetelet. 

(3) But without quoting other records which imply the ex- 
istence of aerolites and ordinary meteoric matter in the same 
streams or clusters, it is sufficient to refer to the recent and 
very decisive phenomena of November 27, 1885.* During the 
periodic star shower from the fragments of Biela's comet a 
mass of meteoric iron weighing about ten pounds was seen to 
fall near Mazapil, Mexico, in lat. 24° 35' N., long. 101° 56' 45" 
W. from Greenwich. The evidence afforded by the phenomena 
of 1094 and 1885, apart from the other cases cited, renders the 
co-existence of large and small masses in the same meteor 
streams almost infinitely probable. 



THE LIFE AND ACHIEVEMENTS OF ALVAN CLARK. 



THE EDITOR. 



During the last month much has been said, in various public 
journals, concerning the life and the achievements of Alvan 
Clark, senior, of Cambridge, Massachusetts, whose death oc- 
curred at a little past 3 o*clock on the morning of August 19, 
1887. Most of the accounts which have come to our notice 
have been brief and fragmentary, and sometimes inaccurate in 
statement of fact. For these reasons another attempt is made 
for the benefit of the readers of the MESSENGER. 

Alvan Clark was born at Ashfield, Mass., March 8, 1804. 
His early life was spent on a farm, and all the education he 
received was obtained in the public schools of western Massa- 
chusetts. At the age of twenty-two he secured the situation 
of calico engraver at Lowell, Mass., having an aptitude for 
drawing which he developed without assistance. For nine 
years he followed this occupation, and in 1835 he removed to 
Boston and opened a studio for painting miniatures. For 
twenty years he followed the profession of artist, producing 
some of the best portrait pictures made by the professional 



♦ Am. Journ. of Sci., March, 1887, p. 221. 
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artists of his day. At the age of forty he was led to the study 
of technical optics by the following circumstance, in his own 
words : 

" My son Alvan G. Clark was at Andover studying to be an 
engineer. His young mind seemed to be absorbed in tele- 
scopes. I was a portrait painter then, and I began to study 
mechanics and astronomy so as to instruct my boy. We ex- 
perimented together and succeeded in making a reflecting 
telescope. One of the Cambridge professors was much pleased 
with some instruments we made, and when we suggested to 
him that we would like to manufacture improved instruments, 
he gave us great encouragement and we went ahead." 

Speaking of the character of the work which the Clarks did 
from the first. Professor Holden, director of Lick Observatory, 
in a late article in the Examiner, fittingly says : 

" Like the elder Herschel he was obliged to manufacture his 
own telescopes. Like Herschel, too, he began by making re- 
flectors, but he soon abandoned them for refracting telescopes. 
His early efforts were most successful, and he began to make 
6 and 8-inch object glasses of an unheard of excellence 
and precision. One of these found its way to England and 
came into the possession of the Rev. W. R. Dawes, an amateur 
of astronomy and a devoted observer of double-stars. The ex- 
traordinary defining power of Clark's object glasses admirably 
fitted them for this kind of work. It is no exaggeration to say 
that the separating poWer of one of Clark's 6-inch object 
glasses of 1850 was equal to the separating power of the nine- 
inch objectives of that day. Dawes made Clark's telescopes 
known in England by his own observations and by recom- 
mending his friends to purchase them, and it was not long be- 
fore quite a number of Clark's object glasses were scattered 
over England and Scotland. 

** They were mostly of small size, 6 to 8 inches. By this 
time Clark was able to give up his portrait painting, and to de- 
vote his life and those of his two sons, George and Alvan G. 
Clark, to the manufacture of object glasses exclusively. 

** It must be remembered that this is no common manufac- 
ture ; but that it is a process which involves special mechan- 
ical talent of the highest order, beside mathematical and op- 
*tical learning. 

" To give an idea of the perfection of a good object glass, it 
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may suffice to say that its geometrical figure is so precise that 
if the glass were to be rubbed with the finger only round and 
round in a circle for five or ten minutes there would be a per- 
ceptible falling off in the precision of the star-images seen 
with it ; or to put the same thing in another way, I may say 
that theoretical optics shows us just how near two bright 
points (stars) may be and yet be seen separated with an object 
glass of a given aperture. And the Clarks long ago succeeded 
in making every one of their telescopes practically do what 
theory demanded. That is, the telescopes were perfect. 

"After making the smaller telescopes, the Clarks began to 
make 12 inch object glasses, and some of these of their manu- 
facture are probably the most perfect of any in the world. 
Mr. Clark has often said to me that the 12-inch objective at 
Middletown, Conn., and the 12-inch at the Lick Observatory 
(formerly the property of my friend Henry Draper), were the 
best that he had ever seen. A 6-inch which he made in 1870 
for Mr. Burnham of Chicago, has had a wonderful history — no 
less than 1,000 new and difficult double-stars having been dis- 
covered by its use. 

"The 18-inch telescope now at Chicago was finished just 
before the war for the University of Mississippi, and was at 
once made noted by the discovery of a companion star to 
Sirius, which theory predicted, but which no one had detected 
before it was seen by Alvan Clark, Jr. 

"Alvan Clark, Sr., himself discovered quite a number of dif- 
ficult and interesting double stars. In 1873 the great 26-inch 
telescope was made by the Clarks for the Naval Observatory 
in Washington. With this telescope Professor Newcomb and 
myself observed the faint satellites of Uranus, which had not 
been seen by any one but their discoverer, Lassell ; and with 
this Professor Hall discovered the faint satellites of Mars. 
Some idea of the seeing power of such instruments maybe had 
when I say that the faintest satellite of Mars has just such an 
angular magnitude as a small terrestrial school globe would 
have if it were placed on the State House in Boston and 
looked at from the Capitol at Washington. 

** The 26^-inch for the University of Virginia, the 23-inch for 
Princeton College, the 30-inch for the St. Petersburg Obser- 
vatory soon followed, and finally the 36-inch for Mt. Hamilton." 

The varying sizes of the lenses made by the Clarks range in 
inches as follows: 6, 8^, 9^, 12, 15>^ (Washburn), i8>^ (Chi- 
cago Astronomical Society), 23 (Princeton College), 26 (U. S. 
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Naval Observatory), 26X (University of Virginia), 30 (Pul- 
kowa Observatory, Russia), and 36 (Lick Observatory, Cal.). 
The cost of the Washington telescope was $46,000, the Pul- 
kowa glass $33,cxxD, and the Lick glass was $50,000. These 
large figures indicate another way of measuring the opticians' 
skill of which we are now speaking. 

If we remember that this was the work of a man who had 
never seen a lens in the process of construction in the shop of 
another maker, we have an example of a self-made man em- 
phatically. His skill was gained and his reputation earned by 
steady, hard and persistent work. If he had naturally a keen 
eye, a quick understanding and a most delicate touch, they 
were each and all used in long continued endeavor which was 
nothing less than the genius of successful and conquering 
patience. His skill as an observer was recognized by compli- 
mentary letters from the distinguished English astronomer 
Mr. Dawes, on account of his discovery of many new double- 
stars. In consequence of his discovery of the companion to 
Sirius, he was awarded the Lalande medal by the French' 
Academy of Sciences, and for the successful construction of 
the 30-inch Pulkowa glass he was tendered a vote of thanks 
by the Russian Imperial Academy of Sciences, and the Czar 
of Russia gave him a gold medal. 

Such was the career of Mr. Clark. Of his personal charac- 
teristics Professor Holden has spoken well in the article above 
referred to. He says : 

" Mr. Clark was a man of perfectly plain and simple habits, 
but of singular distinction of face and manners. His counte- 
nance always showed the kindest and most sincere interest in 
his listeners and the truest enthusiasm for his art. His friends 
and admirers will remember the distinctions of his intellect 
and of his character longer than the memory of the honors 
given him by foreign governments will last. But so long as 
astronomy is followed by cultivated and intelligent man, so 
long will his real and conspicuous advances in the art of 
making telescopes be remembered and celebrated. His was a 
long, an honorable, a simple and a good life. It has come to 
a natural close, but it has left behind it kindly memories on all 
who knew him, and an undying fame in the annals of science." 
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THE YALE COLLEGE MEASUREMENT OP THE PLEIADES* 



A. M. CLERKE. 



The Messrs. Repsold have established, and for the present 
seem likely to maintain, a practical monopoly in the con- 
struction of heliometers. That completed by them for the 
Observatory of Yale College in 1882 leaves so little to be de- 
sired as to show excellence not to be the exclusive result of 
competition. In mere size it does not indeed take the highest 
rank ; its aperture is of only 6 inches, while that of the Oxford 
heliometer is of 7J4 ; but the perfection of the arrangements 
adapting it to the twofold function of equatorial and mi'crom- 
eter, stamps it as a model not easy to be surpassed. Steel has 
been almost exclusively used in the mounting. Recommened 
as the material for the objective-cell by its quality of changing 
volume under variations of temperature nearly pari passu 
with glass, its employment was extended to the telescope-tube 
and other portions of the mechanism. The optical part of the 
work was done by Merz, Alvan Clark having declined the re- 
sponsibility of dividing the object-lens. Its segments are 
separable to the extent of 2°, and through the contrivance of 
cylindrical slides (originally suggested by Bpssel) perfect 
definition is preserved in all positions, giving a range of ac- 
curate measurement just six times that with a filar microm- 
eter. (Gill, **Encyc. Brit." vol. xvi, p. 253; Fischer, Sirius, 
vol. xvii, p. 145.) 

This beautiful engine of research was in 1883 placed in the 
already practiced and skillful hands of Dr. Elkin. He lost no 
time in fixing upon a task suited both to test the powers of 
the new instrument and to employ them to the highest advan- 
tage. 

The stars of the Pleiades have from the earliest times, at- 
tracted the special notice of observers, whether savage or 
civilized. Hence, on the one hand, their prominence in stellar 



*" Determination of the Relative Positions of the Principal Stars in the Group of the 
Pleiades." By William L. Elkin. Transactions of the Astronomical Observatory of Vale 
University. Vol. I, Part I. (New Haven : 1887.) 
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mythology all over the world ; on the other, their unique in- 
terests for purposes of scientific study and comparison. They 
constitute an undoubted cluster ; that is to say, they are really, 
and not simply in appearance, grouped together in space, so 
as to fall under the sway of prevailing mutual influences. And 
since there is, perhaps, no other stellar cluster so near the sun, 
the chance of perceptible displacements among them in a mod- 
erate lapse of time is greater than in any other similar case. 
Authentic data regarding them, besides, have now been so 
long garnered that their fruit may confidently be expected at 
least to begin to ripen. 

Dr. Elkin determined, accordingly, to repeat the survey of 
the Pleiades executed by Bessel at Konigsberg during about 
twelve years previous to 1841. Wolf and Pritchard had, it is 
true, been beforehand with him ; but the wide scattering of 
the grouped stars puts the filar micrometer at a disadvantage 
in measuring them, producing minute errors which the arduous 
conditions of the problem render of serious account. The hclio- 
meter, there can be no doubt, is the special instrument for the 
purpose, and it was, moreover, that employed by Bessel ; so 
that the Konigsberg and Yale results are comparable in a 
stricter sense than any others so far obtained. 

One of BesseFs fifty-three stars was omitted by Dr. Elkin as 
too faint for accurate determination. He added, however, 
seventeen stars from the Bonn Durchmusterung^ so that his 
list comprised sixty-nine, down to 9.2 magnitude. Two inde- 
pendent triangulations were executed by him in 1884-85. For 
the first, four stars situated near the outskirts of the group, and 
marking the angles of a quadrilateral by which it was inclosed, 
were chosen as reference-points. The second rested upon 
measures of distance and position-angle outward from Alcy- 
one {r^ Tauri). Thus, two wholly unconnected sets of positions 
were secured, the close accordance of which testified strongly 
to the high quality of the entire work. They were combined 
with nearly equal weights, in the final results. A fresh re- 
duction of the Konigsberg observations, necessitated by re- 
cent improvements in the value of some of the corrections em- 
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ployed, was the preliminary to their comparison with those 
made, after an itervai of forty-five years, at Yale College. The 
conclusions thus laboriously arrived at are not devoid of sig^ 
nificance, and appear perfectly secure, so far as they go. 

It has been known for some time that the stars of the Pleia- 
des possess a small identical proper motion. Its direction, as 
ascertained by Newcomb in 1878, is about south-south-east ; 
its amount is somewhat less than six seconds of arc in a 
century. The double-star 61 Cygni, in fact, is displaced very 
nearly as much in one year as Alcyone with its train in one 
hundred. Nor is there much probability that this slow secu- 
lar shifting is other than apparent : since it pretty accurately 
reverses the course of the sun's translation through space, it 
may be presumed that the backward current of movement in 
which the Pleiades seem to float is purely an effect of our own 
onward traveling. 

Now the curious fact emerges from Dr. Elkin's inquiries that 
six of Bessel's stars are exempt from the general drift of 
the group. They are being progressively left behind. The 
inference is obvious, that they do not in reality belong to, but 
are merely accidentally projected upon, it : or rather, that it 
is projected upon them ; for their apparent immobility 
(which, in two of the six, may be called absolute) shows them 
with tolerable certainty to be indefinitely more remote — so re- 
mote that the path, moderately estimated at 21,000,000,000 
miles in length, traversed by the solar system during the forty- 
five years elapsed since the Konigsberg measures, dwindles 
into visual insensibility when beheld from them ! The bright- 
est of these six far-off stars is just above the eighth (7.9) mag- 
nitude ; the others range from 8.5 down to below the ninth. 

A chart of the relative displacements indicated for Bessel's 
stars by the differences in their inter-mutual positions as de- 
termined at Konigsberg and Yale, accompanies the paper be- 
fore us. Divergences exceeding 0.40" (taken as the limit of 
probable error) are regarded as due to real motion ; and this 
is the case with twenty-six stars besides the half-dozen already 
mentioned as destined deserters from the group. With these 
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last may be associated two stars surmised, for an opposite 
reason, to stand aloof from it. Instead of tarrying behind, 
they are hurrying on in front. An excess of the proper move- 
ment of their companions belongs to them ; and since that 
movement is presumably an effect of secular parallax, we are 
justified in inferring their possession of an extra share of it to 
signify their greater proximity to the sun. Hence, of all the 
stars in the Pleiades these are the most likely to have a meas- 
urable annual parallax. One is a star a little above the seventh 
magnitude, distinguished as s Pleiadum ; the other, of about 
the eighth, is numbered 25 in Bessel's list. Dr. Elkin has not 
omitted to remark that the conjecture of their disconnexion 
from the cluster is confirmed by the circumstance that its typ- 
ical spectrum (as shown on Prof. Pickering's plates) is varied 
in s by the marked character of the K line. The spectrum of 
its fellow-traveler (No. 25) is still undetermined. 

It is improbable, however, that even these nearer stars are 
practicable subjects for the direct determination of annual par- 
allax. By indirect means, however, we can obtain some idea 
of their distance. All that we want to know for the purpose 
is the rate of the sun*s motion ; its direction we may consider 
as given with approximate accuracy by Airy's investigation. 
Now, spectroscopic measurements of stellar movements of ap- 
proach and recession will eventually afford ample materials 
from which to deduce the solar velocity ; though they are as 
yet not accurate or numerous enough to found any definitive 
conclusion upon. Nevertheless, M. Homann*s preliminary re- 
sult of fifteen miles a second as the speed with which our sys- 
tem travels in its vast orbit, inspires confidence both from the 
trustworthiness of the determinations (Mr. Seabroke's) serving 
as its basis, and from its intrinsic probability. Accepting it 
provisionally, we find the parallax of Alcyone = about 0.02", 
implying a distance of 954,000,000,000,000 miles, and a light- 
journey of 163 years. It is assumed that the whole of its 
proper motion of 2.61" in forty-five years is the visual projec- 
tion of our own movement towards a point in R. A. 261*^, 
Decl. + 25^ 
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Thus, the parallax of the two stars which we suspect to lie 
between us and the stars forming the genuine group of the 
Pleiades, at perhaps two-thirds of their distance, can hardly 
exceed 0.03". This is just half that found by Dr. Gill for C 
Toucani, which may be regarded as, up to this, the smallest 
annual displacement at all satisfactorily determined. And the 
error of the present estimate is more likely to be on the side 
of excess than of defect. That is, the stars in question can 
hardly be much nearer to us than is implied by an annual par- 
allax of 0.03", and they may be considerably more renrote. 

Dr. Elkin concludes, from the minuteness of the detected 
changes of position among the Pleiades, that " the hopes of 
obtaining any clue to the internal mechanism of this cluster 
seem not likely to be realized in an immediate future ;" re- 
marking further: ''The bright stars in especial seem to form 
an almost rigid system, as for only one is there really much 
evidence of motion, and in this case the total amount is barely 
i" per century." This one mobile member of the naked-eye 
group is Electra ; and it is noticeable that the apparent di- 
rection of its displacement favors the hypothesis of leisurely 
orbital circulation round the leading star. The larger move- 
ments, however, ascribed to some of the fainter associated stars 
are far from harmonizing with this preconcieved notion of 
what they ought to be. On the contrary, so far as they are 
known at present, they force upon our minds the idea that the 
cluster may be undergoing some slow process of disintegration. 
M. Wolf's impression of incipient centrifugal tendencies among 
its components certainly derives some confirmation from Dr. 
Elkin's chart. Divergent movements are the most strongly 
marked ; and the region round Alcyone suggests, at the first 
glance, rather a very cortfused area of radiation for a flight of 
meteors, than the central seat of attraction of a revolving 
throng of suns. 

There are many signs, however, that adjacent stars in the 
cluster do not pursue independent courses. ** Community of 
drift " is visible in many distinct sets ; while there is as yet 
no perceptible evidence, from orbital motion, of association 
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into subordinate systems. The three eighth-magnitude stars, 
for instance, arranged in a small isosceles triangle near Alcy- 
one, do not, as might have been expected a priori^ constitute 
a real ternary group. They are all apparently traveling di- 
rectly away from the large star close by them, in straight lines 
which may of course be the projections of closed curves ; but 
their rates of travel are so different as to involve certain pro- 
gressive separation. Obviously, the order and method of such 
movements as are just beginning to develop to our apprehen- 
sion among the Pleiades will not prove easy to divine. — Nature. 



NOTE FROM MR. PROCTOR. 



Sir : — I should have greatly preferred that what I have been 
forced to say respecting Prof. Holden (by his own most un- 
wise renewal of an offense originally committed anonymously) 
should be forgotten. But^ as you have published in the 
Sidereal Messenger for June, his letter in the Examiner^ I 
must ask you to do me justice by inserting thf enclosed reply. 
(The Messenger reaches me by the way of England and 
therefore very late.) 

Prof. Holden, at a time when he was absolutely sickening 
me by false compliments at Washington (in 1874), wrote anony- 
mously a review of a popular book of mine, in the Atlantic 
Monthly. In this he adopted the preposterous position that 
there is something degrading to science in writing books which 
more than pay their expenses ; hinting plainly that since I 
can write books too abstruse to sell I ought so to employ all 
my time. I am not greatly concerned to point out that in 
writing books which will sell because simple (though sound), 
I am adopting one way of earning a livelihood, while a man 
who takes a position in an observatory or a professorship at 
college takes another, the only question affecting the propriety 
of any such course being whether the work is well done, and 
my livelihood absolutely depending on my doing my work 
well, whereas, as Prof. Holden's case at Washington shows, a 
man may be inefficient as an observer and yet retain a hand- 



26o THE SIDEREAL MESSENGER. 

someiy paid official post in an observatory. I should have 
cared nothing about the paltry sneers running through the 
criticism in the Atlantic Monthly ^ in point of fact they could 
deceive no one of any sense. But the review was full of ijn- 
truths. It opened with a gross untruth, repeated in his latest 
letter in company with many others by Prof. Holden ; and it 
either suggested or deliberately stated a string of untruths to 
the end. I had no knowledge who the author might be. Had 
I guessed a man associating as Prof. Holden did at the time, 
with men whom I esteem, was the author of it, I might have 
remained silent. But deeming that some dishonest penny-a- 
liner was the writer, I sent to the leading papers of New York 
a letter pointing out the dishonesty of the criticism and illus- 
trating this by the case in which the critic deliberately de- 
nounced by name a book which had not yet appeared. He 
made, still anonymously, a feeble and foolish defense, offering 
an apology which I publicly declioed to receive. 

When, two years later, I found Prof. Holden was the author 
of the dishonest criticism, I was deadly ashamed to think a 
man in a responsible position in scientific circles could have 
been capable of such a thing. I remained absolutely silent for 
years. But it was the silence of contempt as well as shame, — 
contempt for him, and shame for the disgrace he had brought 
on the brotherhood of Science. 

Recently he ventured, considerably to my surprise, to arouse 
the sleeping shame by deliberately making a series of state- 
ments about an article of mine implying that I needed to be 
told the very things that that article had most carefully ex- 
plained, — and closing with the characteristic remark that only 
a Wiggins or a Vennor could make the mistake which my ar- 
ticle anticipated him in correcting. (The reference to Wig- 
gins, by the way, was rather dangerous for a man who had set 
all Washington astronomers laughing by detecting a third sat- 
ellite of Mars with an impossible period and distance, and re- 
maining deceived by it for months !) 

Let me now simply state, and as briefly as possible, for this 
letter is running beyond the length I had intended and occu- 
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pying more time than I can spare the subject, that — taking re- 
newed and new falsehoods in the order in which they appear 
in Prof. Holden's letter :-^ 

1. My "Saturn and its System" was not a success: the 
first edition was eighteen years selling. I estimate my loss on 
the work at fully a thousand dollars. 

2. No biographers have ever asserted that Saturn was a 
success which led me **to attempt to earn a large sum of 
money by writing similar books." 

3. No such book as ** Other Suns than Ours" had appeared 
when Holden wrote his review. 

4. I utterly disbelieve, though I cannot disprove, his state- 
ment that in writing a review which appeared in the summer 
of 1874, he confounded a two-column report of a lecture of 
mine with a book, and did not think of this even when first 
defending himself in 1879 from the rather serious charge of 
denouncing a book which had not yet appeared. 

5. The Royal Astronomical Society not only did not force 
me from my position as its Honorary Secretary, but Prof. Hol- 
den has always known that it did not. For it was a subject of 
conversation with him at Washington in March, 1874, that I 
had had to resign the secretaryship and the editorship of the 
Society's Proceedings in October, 1873, when I sailed for 
America. The Society never suggested resignation, and never 
had anything to do with the matter, beyond accepting my 
resignation, — which, considering I was already in America 
when the letter reached the hands of the council, they could 
not well have declined to do. 

6. Prof. Holden owes it entirely to me that his name, when 
suggested for a Foreign Associateship of the Society, was not 
rejected with contempt. 

7. I never coupled my name with Newton's. I spoke of 
Newton as the "greatest of us all." If that is coupling my 
name with his, then a farm lad who chanced to say that " the 
President is the first of us Americans" would be coupling his 
name in the same sense with President Cleveland's. 

8. Prof. Holden knows perfectly well that his review could 
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not have offended me as adverse ; for it was not adverse. The 
level of my popular writings is not determined by myself but 
by my readers. Prof. Holden in admitting that my "Saturn" 
and my "Moon" deserved to succeed, was saying all that my 
personal desire for appreciation could possibly require. As a 
matter of fact, those books, my " Geometry of Cycloids," and 
similar works of mine have not succeeded. I write such books 
at a loss. For my livelihood, which I feel fully as much enti- 
tled to as any salaried official, I have had to write down to the 
general public (regarded astronomically). From the new 
editions of "Saturn" and the "Moon," all the more difficult 
matter has had to be excised, and matter added which appeals 
more directly to the mind of the general reader, as I find it, 
(still in the astronomical sense) to be. If I heard my friend 
Prof. Young addressing a junior astronomical class at Princeton 
and touched on the simplicity of his discourse, I should cer- 
tainly not offend him by so doing ; for that simplicity would 
be an important quality. If I went on, however, to say he was 
degrading science by lowering his tone to the capacities of his 
class, I take it he might be indignant at the charge, unless its 
absurdity left no room for any feeling but amusement. 

Lastly, it is well known my real offense with Prof. Holden 
was that I wrote the astronomy of the American Cyclopedia. 

Very truly yours, 

St. Joseph, Mo., July 27, 1887. RICHARD A. PROCTOR. 



THE TOTAL ECLIPSE OF THE SUN, AUG. 19, 1887.* 



The following is extracted froni Ciel et Terre of Sept. i, 
1887: 

•^According to the reports received up to date, observations 
of the total eclipse of the sun appear to have been generally 
prevented by the weather. At certain points on the line of 
totality, the sky was completely covered ; at others partially 
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obscured by the clouds, and at Jurjewitz, among others, where 
our co-laborer M. Niesten installed himself, the phenomenon 
was observed only under very precarious conditions. How- 
ever, the mission with which M. Niesten was charged was not 
a complete failure, and the letters and telegrams received from 
that astronomer permit us to hope that some new facts may be 
added to our knowledge concerning the nature of the principal 
body of our system. 

** It is known that the eclipse commenced in western Europe, 
advancing through the north of Germany, Russia, Siberia, end- 
ing in Japan. The best stations for observing the phenomenon 
were to the north of Moscou in the valley of the Volga, and 
better still at Tobolsk. 

" Few eclipses have been the objects of so considerable pre- 
paration, at Berlin, Poulkova and Moscou. Excursions were 
even organized at Berlin, carrying out a great number of per- 
sons desirous of contemplating the phenomenon. 

"At Poulkova, M. Struve had organized fifteen or twenty sci- 
entific expeditions, national or foreign ; at Rschew, to the 
northwest' of Moscou, was M. Young ; at Petrowska, on the 
route from Moscou to Jaroslaw, were MM. Glasenapp, Tatt- 
schaloff and Stanoiewitch, the last representing the observa- 
tory of Meudon ; at Kineshma, on the Volga, (terminus of the 
railroad from Moscou), MM. Bredichin, Perry, Copeland, Tac- 
chini and Ricco ; at Kolkos^, M. Jegoroff. 

'* Beyond the Volga, access was more difficult ; and even 
beyond the Ural the difficulties of travel became still greater, 
especially so near Tobolsk unfortunately, for that was the re- 
gion most favorable for observation of the eclipse in its totality. 
** The program of observations was thus fixed : Photography 
of the eclipse at all the stations ; Spectroscopy, MM. Young 
and Tacchini ; Photography of the spectrum and of the corona, 
MM. Copeland and Perry; Search for intra-mercurial planets, 
notably Vulcan, MM. Glasenapp and Tattschaloff ; Solar di- 
ameter, M. Struve ; Meteorological observations everywhere. 
"Two balloons were arranged for observations above the 
.clouds; the one of 700 cubic meters by the Imperial Institute 
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of Technology of Russia for Professor Mendlejew ; the other 
of 1,000 meters, at Twor, for Professor Swjerinzew. 

"As stated above, the news received up to the present from 
a certain number of observatories show that the results are al- 
most negative, because of the state of the sky, almost wholly 
covered. However, at the station at Petrowska, M. Glasenapp 
obtained two drawings and three photographs of the corona ; 
M. Stanoiewitch obtained the lines in the spectrum of the cor- 
ona and took some photographs ; M. Kononowich (of Odessa) 
obtained a complete spectrum of the corona. 

" In conclusion we may add that at Berlin some wags had 
posted upon the city wall that, in view of the bad weather, the 
eclipse was deferred until the following Sunday." 

Then follow some telegrams and extracts from letters from 
M. Niesten, the last of which is quite interesting: 

" The dispatch which I sent to the observatory will have in- 
formed you that the photographs taken during the eclipse 
have given some results. These photographs were obtained 
during totality with an apparatus having four objectives ; Dall- 
meyer, Ross and two Darlot. Those given by Dallmeyer are 
very good. In all six photographs are good and two passable. 
The time of exposure was about 8^ for the first, \2s for the 
second, 16^ for the third, 20s for the fourth, 24^ for the fifth 
and 30^ for the last three. The chromosphere and the pro- 
tuberances were shown upon all and two show some traces of 
the corona, also the impression of Regulus {a Leonis), which 
was near the sun. What is especially important, the photo- 
graphs confirm the exactness of the drawing which I made 
during totality. 

" M. Karinne, a skillful photographer of Moscou, also took, 
at Jurjewitz, with a Ross objective of 7 inches, several photo- 
graphs which have given results analogous to mine. On the 
whole the records obtained at our station are passable and I 
can esteem myself fortunate to have been able to accomplish 
a little, since almost all the other stations were unfortunate. 

"At Kineshma, where were MM. Bredichin, Perry, Copeland 
and Miss Brown, sky covered, nothing. 
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"At Viatca (Tacchini, Ricco, Kleiber), nothing. 

"At Warnavin (Ceraski and Sokouloff ), nothing. 

"At Clinn (Miiller, Kempf and Scheiner of Potsdam, Hassel- 
berg of Poulkova), nothing. 

" Thus, of the foreign station, ours only have any results. 

"At Katinski about 55 verstes to the east of our station, on 
the Volga, the weather was clear ; the phenomenon there dis- 
played all its grandeur. The corona was splendid and ex- 
tended, according to the observers, not in a gloire but in con- 
centric circles. The protuberances even were visible to the 
naked eye ; to certain observers they scintillated and pre- 
sented the different colors of the rainbow. 

" The terror among the natives was great ; the infants cried, 
the women prayed and some, after the reading of the Evangile 
which had taken place the preceding Sunday, — religious as are 
all the Russians — were fearful of the end of the world. The 
passages of the Evangile which are prescribed to be read at 
that time of the year, state in effect, that the sun will be 
eclipsed, the stars will fall. etc. (See gospel according to St. 
Matthew, ch. 24, verses 27 to 33 and 42 to 51.) 

" One fact to be noted is that the darkening was so great, 
that the pigeons flew against the houses and the sheep ran 
frightened toward the stables. 

" If we had had plenty of time, what an admirable phenome- 
non it would have been to contemplate ! Under the condi- 
tions where I observed, it was even then grand." 



STAR OP BETHLEHEM. 



THE EDITOR. 



Intelligent people have been frequently asking during the 
past summer where the Star of Bethlehem could be found. 
The impression seems to have been general that there was 
now to be seen somewhere in the heavens, a very bright star 
which should be properly called the Star of Bethlehem, mean- 
ing that notable star spoken of in the Bible, as the " Star of 
th<: East/* which the wise men saw and followed, in search of 
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the birth-place of the King of the Jews, and which "went be- 
fore them till it came and stood over the place where the 
young child was." 

In 1884 very much was said about this star in newspapers 
and various periodicals in popular and religious lines of thought, 
awakening an interest in the minds of the uninstructed in the 
astronomy and the history of it, which was sometimes very 
intense with well-meant devotion and sometimes very ludi- 
crous and fanciful. What lent peculiar zest to these popular 
fancies in the summer of that year was the appearance of the 
planet Venus, for a considerable time, as a bright and most 
beautiful object to look upon, in the western evening sky, and 
from this circumstance alone it was believed by many at that 
time that this queen of the starry host (unknown by name), 
was the real Star of Bethlehem. 

In view of this, an article was prepared for the MESSENGER 
giving the substance of all that was known to the writer, about 
the history of that memorable star, arranged under four heads, 
as follows : — 

1. The star may have been a miraculous light of some kind. 

2. The conjunction of the planets Jupiter and Saturn first, 
and finally Jupiter and Mars. 

3. A comet ; and, 

4. A new or temporary star. 

On the first point astronomy, as such, could have nothing to 
say, because wholly beyond its province of investigation. 

Regarding the second point, scholars and astronomers in the 
early part of the century thought and wrote much. In this 
Professor Encke took the lead and his conclusions that the 
conjunctions of the great planets which took place at the time 
of the birth of Christ must have been the star seen by the 
Magi. This opinion prevailed quite generally among astron- 
omers, including so high authority as that of George B. Airy, 
Astrononier Royal of England. 

Within the last few years, however, astronomers have been 
less confident that the theory of the conjunction of the plan- 
ets is really sound. As satisfactory a statement of the theory 
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and its objections from the side of science as the writer has 
seen is found in Knowledge^ Dec. 29, 1882, as follows : 

** If the Magi set out from Jerusalem as the shades of even- 
ing closed, and the time was winter, as commonly" received, 
then it would have been about eight in the evening, at latest, 
when they reached Bethlehem. And if at that hour the star 
lay due south, or rather to the west of south, then it must have 
been sixty or seventy degrees west of the point opposite the 
sun. This would correspond fairly with the case of the con- 
joined planets, Jupiter and Saturn in the third year before the 
birth of Christ, if we suppose the journey to Bethlehem made 
nearly at the time of third conjunction of these planets, or 
about December 5. It is in fact, on this circumstance chiefly 
that the planetary conjunction theory of the star in the east 
has been based. But the whole character of the narrative is 
opposed to this interpretation apart from the fact that the tax- 
ing of the Roman Empire by Augustus when Joseph and Mary 
went to Bethlehem (according to Luke's account) certainly did 
not take place till two years after the triple conjunction of Ju- 
piter and Saturn. For Matthew says, * Lo ! the star went be- 
fore them * and * when they saw the star they rejoiced with 
exceeding great joy.' But they would not lost sight of the 
planets Jupiter and Saturn from the time when these two 
planets had been visible in conjunction as morning stars in 
May (B. C. 7) though the time of their greatest conjoined 
brilliancy was in September and onward until the time of their 
third conjunction on Dec. 5. We had a similar triple conjunc- 
tion in 1877. They were conjoined as morning stars on July 
27, conjoined when nearly at their full brightness on Aug. 25, 
and conjoined again as evening stars on Nov. 3. But all 
through these months they were both visible and in tolerable 
clpse proximity. The exceeding great joy with which the 
Magi again saw the stars shows that it had been for a time 
lost to them, so that we must on this account reject the plan- 
etary conjunction theory which seems otherwise (and on several 
grounds) altogether untenable." 

As determined by Encke in 183 1, the distance of these 
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planets apart, at conjunction, must have been one degree at 
least, and hence could not have appeared to an ordinary ob- 
server as one star at any time. On the other hand it is easy 
to see how such a striking phenomenon would arrest the at- 
tention of those interested in, or acquainted with, the Hebrew 
prophecy or astrology. The teachings of astrology interpreted 
the conjunctions of planets as foreshadowing great national 
events, and the sign of Zodiac called Pisces was known to be- 
long to the Jewish nation, hence a conjunction in this sign (not 
only one but three) was significant of the birth of Christ the 
expected King. A trace of this same belief is found in Kep- 
ler's writings, in which he holds that the conjunctions of great 
planets coincides with the approach of climaxes in human af- 
fairs, and gives as examples, the birth of Enoch, the Deluge, the 
births of Moses, Cyrus, Jesus Christ, Charlemagne and Luther. 

Regarding the theory that the star seen may have been a 
comet whose change of place might have answered the de- 
scription given in the New Testament, nothing can be said by 
the astronomer, for he has no historical evidence to support 
such a claim, and he probably would not offer any other. 

In the matter of the appearance of a new or temporary star 
at this time, as the object seen by the Magi, the records con- 
tain something of interest. 

By a new or temporary star is meant one that suddenly 
flashes out where none has been noticed before^ and as sud- 
denly dwindles away to a telescopic star, or disappears alto- 
gether. The important stars spoken of in connection with this 
subject are Tycho Brahe's star and the star {nComa Berenices. 

There is probably not another new or known variable star 
that has so wonderful a record as that which bears the name 
of Tycho Brahe. His own words best describe impressions, a^ 
first sight, as follows : *' Raising my eyes as usual, during^ ox^^ 
of my walks to the well known vault of heaven, I observ^ 
witl^ indescribable astonishment, near the wealth in Cassiopeia^ 
a radiant fixed star of a magnitude never before seen. In my; 
amazement I doubted the evidence of my senses. HQweyer, 
to convince myself that it was no illusion, and to have thei tes- 
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timony of others, I summoned my assistants from the labora- 
tory and inquired of them, and of all the country people that 
passed by, if they also observed the star that had thus sud- 
denly burst forth.** Going on with the description Tycho 
Brahe speaks of its brightness as greater than that ot Sirius, 
Vega or Jupiter. For splendor it was only comparable to 
Venus when nearest to the Earthy and was seen by some at 
noonday. After a few weeks it began to decline and in six- 
teen months became invisible to the naked eye (the telescope 
being invented thirty-seven years later). 

In waning the star passed through changes of color, from 
white to yellow and red and then to white again. These phe- 
nomena interested Tycho Brahe so much that he wrote a large 
book describing the appearance of the star as seen by himself 
and others, and gave theories to account for those wonderful 
changes. It has since been thought that this star appeared 
also in 945 and 1264. If it be a variable star with period of 
about 314 years, it would make its time of appearance about 
the beginning of Christian era and also its re-appearance prob- 
able, in some slight degree, in 1886. In consequence of this 
latter supposition astronomers in Europe have been watching 
its place in Cassiopeia, which is now closely marked by a faint 
star, with special attention, for the last ten years. 

In Tycho Brahe*s time it was claimed by one Cardanus that 
this was the star which the Magi saw. 

The star of Coma Berenices is spoken of as appearing imme- 
diately preceding the birth of Christ and was so bright as to 
be visible by day. Hipparchus and Ptolemy speak of this star, 
and Ignatius says that it "sparkled in brilliancy above all 
stars.*' Chinese records also mention a new, bright star at 
this time ; but none of these statements have we been able to 
verify from the best authority. In Dr. Seiss*s view of the di- 
vine origin of the constellations, the theory of this last named 
temporary star is certainly very suggestive and possibly not 
too fanciful to be true. So uncertain is all our knowledge of 
the Star of Bethlehem from records within our reach at the 
present time. 
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NEW WORK ON ASTRONOMY .« 



RICHARD A. PROCTOR. 



On January i. 1888, will appear the first part of a Treatise 
on Astronomy, to be c ompleted in twelve monthly parts and 
a supplementary section. In each there will be sixty-four 
pages, imperial octavo, many cuts, and two plates, or one 
large folding plate. Thus the complete volume will contain, 
with index, preface, etc., about 800 pages and abundant illus- 
tration. The price of each part will be 2s,\ that of the supple- 
mentary section, containing tables, index, and preface, is. 
The subscription price, if paid in advance, for the twelve parts 
will be 2is,\ the price of the complete work, bound in one 
volume, 31^. 6d. 

The chief object of the volume thus announced is to present 
in popular yet scientifically sound form those views of the 
heavenly bodies which are included in what, in his last poem, 
Tennyson calls the * New Astronomy.* The life histories of 
worlds and suns will be dealt with ; the planets will be studied 
as illustrating the stages of our own earth's life, while the rec- 
ord of our earth will be considered as illustrating the life his- 
tories of the planets. The sun will be studied as the one star 
we can examine, and thus as telling us all we know in detail 
about the nature of other suns ; and the stars will be consid- 
ered as throwing light on the probable past and future of the 
ruling and life-giving center of the solar system. 

While thus the general characteristics of the new astronomy 
will be presented, points of detail in which the astronomy of 
to-day differs from the astronomy of a quarter of a century 
ago will be fully considered (for the first time) in the forthcom- 
ing volume. Among these points may be specially mention- 
ed (in the order in which they have occupied my own atten- 
tion and have been accepted, or in one or two cases still await 
acceptance) — 

I. Changed views as to the structure of our galaxy, from 
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the uniformity formerly imagined to a variety of forms, ar- 
rangement, and movements akin to what is found in the solar 
system, but on a much grander scale. (These views, first sug- 
gested — rather vaguely — by Dr. Whewell, were advanced defi- 
nitely in 1857 by Mr. Herbert Spencer, and later, more fully 
by myself). 

2. New views as to the sun's condition and surroundings, 
opening with Kirchoff*s interpretation of the solar spectrum, 
but including many details and discoveries relating to the 
sun*s surface, vaporous envelopes, the sierra, the colored 
flames, the corona, and the zodiacal. 

3. Changed views (maintained by myself since 1869 and 
now generally adopted) as to the condition of the various or- 
ders of bodies — giant planets, terrestrial planets, moons, aster- 
oids, etc., — attending on the sun. 

4. The recognition of the moon as presenting the history 
of our earth's past as well as future life — even of stages of 
vulcanian history whose records in the earth's case have long 
since been destroyed by denudation. (This I have recognized 
only during the last four years.) 

5. Recent ideas respecting comets and meteors, by whjch 
all orders of l)oth classes of bodies are included under one 
theory of volcanic ejection from suns and from planets when 
in the sunlike stage of their careers. (This theory is main- 
tained in its general form at present by myself alone : but in 
detail by Daubree and Graham, who recognize ejection from 
stars; by Sorby, who recognizes ejection from our sun ; by 
Tschermak and Meunier, who recognize ejection from our 
earth when in the sunlike stage. The theory is also accepted 
by many in one or other of these partial forms, each of which 
logically involves the general theory.) 

I propose, further, to present in this treatise full explanations 
of several matters which hitherto have been either insufficient- 
ly or inexactly dealt with in all except one or two books on 
popular astronomy. Among them I may mention — 

I. The Tides, correctly dealt with in no treatise on popular 
astronomy except Lord Grimthorpe's 'Astronomy without 
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Mathematics/ the old incorrect explanation being given in 
most books, and even in Herschel's admirable 'Outlines/ 
while a new and equally incorrect explanation (the centrifugal 
fallacy) appears in some recent treatises. In dealing with 
this subject I propose to present, in a simplified form, Sir 
George Airy's admirable geometrical demonstration. 

2. The Precession of the Equinoxes, as a case of Gyration 
which is not explained accurately and sufficiently in any treat- 
ise on popular astronomy. 

3. The Discovery of Neptune, correctly but not popularly 
dealt with by Professor Grant in his admirable * History of 
Physical Astronomy,* and explained fully in HerscheFs * Out- 
lines,* but nowhere else properly dealt with, most of the so- 
called explanations of the perterbations of Uranus being alto- 
gether erroneous. On this subject I have some considerations 
to present (not relating to the mathematical problems invol- 
ved, about which there can be no question) which tend to 
modify the ideas commonly entertained about this interesting 
discovery. 

The book will direct special attention to the departments 
of research in which astronomical work is now specially need- 
ed, endeavoring to attract towards profitable oblervations the 
many workers who are now wasting time in multiplying ob- 
servations such as once had special value, but now, having 
achieved their purpose, possess none. 

Throughout the work I shall endeavor to give a just estimate 
— neither exaggerated on the one hand nor inadequate on the 
other — of the discoveries, researches, and observations of all 
those students of astronomy whose work has come under my 
notice. 

A special feature of the work will be the large number of 
original illustrations. I have long regarded it as unfortunate 
that so little has been done to improve the drawings in our 
books of astronomy, many of which belong, so far as style is 
concerned, to the astronomy of three centuries ago. The il- 
lustrations in the forthcoming work present the results of more 
than a thousand hours of work devoted to this feature alone. 
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The book itself may be regarded as the work for which all 
the treatises on astronomy I have hitherto produced, and also 
my astronomical essays and lectures, have been preparatory. 

The work will be published by Messrs. Longmans & Co., to 
whom subscriptions (to include postage) may be sent either 
for parts or for the entire work. 



COLORS IN THE SOLAR CORONA. 



No systematic work on Astronomy, nor any special treatise, 
that I know of, has made any mention of the colors, or the 
changes of colors in the corona of the sun. Our present at- 
tempt, therefore, is altogether new and untried. We will be- 
gin by reviewing the testimony of seventeeji different observ- 
ers who have attentively watched the solar corona in four 
recent total eclipses, those which occurred in the years 1869, 
1878, 1880 and 1883 ; all visible on the American continent, 
except the last which was seen by American observers on 
Caroline Island, in the Pacific Ocean. For convenience of ref- 
erence the observers are numbered and paged. W. O. stands 
for the reports of the Washington Observatory for the year 
1880. C. S. O. stands for the report of the Chief Signal Offi- 
cer at Washington for the year 188 1. 

The eclipse of 1869. i. The late Gen. Myer observed this 
eclipse from near Abingdon, Virginia, on the summit of White 
Top Mountain, 5,530 feet above the ocean level. With the 
telescope he saw an aureola of clear, yellowish 'bright light, 
closely surrounding the moon's disk, and fading gradually into 
the tint of the darkened sky^with a slight tinge of purplish 
green. To the unaided eye the vision was magnificent beyond 
description. Around the black disk of the moon there was an 
aureola of soft, bright light through which shot out, as if from 
the circumference of the moon, straight, massive, silvery rays, 
seeming distinct and separate from each other, to a distance 
of two or three diameters of the lunar disk, the whole spec- 
tacle showing as upon a background of diffused rose colored 
light. 
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The eclipse of 1878. General Myer was stationed on this 
occasion on the top of Pike's Peak, Colorado, 14,200 feet above 
the ocean. He describes the corona as being white, composed 
of silvery rays, the inner portion towards the moon brighten- 
ing in intensity of its light, but not changing its character, 
unless by a possible tinge of yellow, deepening slightly as it 
reached close to the moon. The diffused rose color which 
beautified the eclipse of 1869 was absent. Hence in another 
place he speaks of "white eclipses and red eclipses." C. S. O. 
pages 832-3. 

2. Prof. Cleveland Abbe, of the Chief Signal Office at 
Washington, D. C, observed this eclipse also from Pike's Peak. 
He describes the dark moon, then hiding the sun, as sur- 
rounded by a narrow, brilliant, yellowish white ring, probably 
in breadth one-eighth of the sun's diameter. He speaks of it 
also as the brilliant golden ring called the inner corona. Be- 
yond this there extended outwardly several broad rays or 
streamers to the distance of from two to five millions of miles, 
and with a breadth of a million, or a million and a half of miles. 
He designates them numerically. No. i and 5, he says, had the 
most delicate imaginable bluish tint, each tapering outwardly 
to a fine point. " The same bluish tinge pervaded No. 2 as 
in the case of No. i." **No. 3 was also broader at its base, 
tapering to its apex like No. i, and of the same uniform in- 
tensity and tint." C. S. O., pages 845-6. 

3. Lieutenant H. H. C. Dunwoody was also at the summit 
of Pike's Peak and he observed with the naked eye as follows : 
** The moment totality commenced, the moon presented the 
appearance of a black disk, without indentation, surrounded 
by a narrow ring of orange colored light, the ring not being 
concentric, but wider on the right hand side, as viewed by the 
observer. The sun was completely surrounded by bright, sil- 
ver colored rays, those of the upper left hand quadrant ex- 
tending 2^ and 3 diarneters, and those in the lower left hand 
quadrant extending 3 or 4 diameters ; the longer rays taken 
together presenting a fish-tail appearance." C. S. O., page 835. 

4. H. T. Crosby, Chief Clerk in the War Department, 
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likewise on the top of Pike's Peak observed with the naked 
eye. He saw a circle of bright golden light consisting of fine 
rays radiating from the sun. The limit of this golden corona 
was about one-fourth of the sun's diameter above the solar 
surface. It was, however, seen to have a greater extension or 
bulging in the upper left hand and lower right hand quadrant. 
Beyond this circle of golden rays there extended two long 
streamers of silver light respectively to the left above and to 
the right below the sun, and to a distance of more than five 
solar diameters from the sun's limb. C. S. O., page 837. 

5. Mr. J. H. Kerr observed from Colorado Springs, Col. 
He says the coronal beams were striated. The corona gave 
out a blue light, invisible with the telescope, but seen with the 
naked eye. C. S. O., page 950. 

6 and 7. Lieutenant S. R. Whitall and private McCann ob- 
served together at Fort Sill, Indian Territory. The former 
made the discovery of the eclipse, and the latter wrote the 
description, which is as follows: **The sketch is, from my re- 
membrance, a very creditable drawing. The white lines shot 
out and flickered uniformly ; the inner circle of light during 
totality was of a purple hue, around which was a circle of pale 
yellow skirted with a circle of orange from the edge of which 
the irregular striae were observed. During totality there was 
no appreciable change in the color of the striae, which color 
was white with a yellow tinge." C. S. O., p. 875. 

8. Mr. A. J. Bennet made his observations with the naked 
eye at Virginia City, Montana. "A ring of light of a yellow- 
ish cast surrounded the moon ; brightest in the inner portion 
of the corona ; the outer edge of the corona was sharply de- 
fined except at two opposite points where it shaded grad- 
ually away and was broken up into streaks." C. S. O., p. 883. 

9. Mr. Thos. Bullock made a sketch of the eclipse at Coal- 
ville, Utah, from naked eye observations, and wrote as follows : 
"As it requires a master hand to imitate the beauty of a full- 
blown rose or a golden-banded lily, so it is utterly impossible 
for me to explain or describe the flickering, flaming streamers, 
as seen in the sketch herewith enclosed, or the gorgeous deep 
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golden border of rays around the sun, continually changing or 
moving. All who were near me exclaimed, * Oh, how beauti- 
ful ; what a glorious sight !' " C. S. O., p. 894. 

10. Mr. Wm. H. Holmes, of the United States Geological 
Survey, was stationed in Wyoming Territory. He writes : 
"The sun was surrounded, while in eclipse, by minute pencils 
of light that played rapidly to the left and right, disappearing 
and reappearing ; these pencils of light were very minute and 
quite brilliantly colored with all the colors of the spectrum. 
The groups of rays, as at B and C, were not constant in length 
and conspicuousness, but were so in position." C. S. O., p. 897. 

11. Miss Olive Risley-Seward, at Colorado Springs, de- 
scribes the several streamers or "shafts" which extended out 
from the sun. She says, " the light of these three shafts was 
pulsating like a flame in the breeze." "They differed distinctly 
in color ; one showing white and brilliant like the diamond, 
another shining as topaz yellow, and the third as intensely 
yellow." W. O., p. 200. 

12. Prof. Ormond Stone observed from Mount Lookout, 
Col. He says : "Around the sun was a narrow, bright halo, 
very nearly white, but slightly tinged with orange yellow." 
W. O., p. 238. 

13. Prof E. W. Bass, of the U. S. Military Academy, West 
Point, observed at Central City, Col. He says : " With the 
telescope I observed the corona proper. At first it appeared 
homogeneous, and without any particular structure, the bright- 
ness diminishing rapidly from the moon outward. But ob- 
serving with care the same portion for some seconds, its minute 
structure became more evident. For a short distance outside 
of the moon's limb it apparently remained uniformly bright 
and white, then broke into radial streamers of the same ccJlor 
with intervals which were blue as seen. The streamers ex- 
tended to the outer limit, expanding and blending with the 
blue spaces, becoming again uniform in structure." "These 
radiating streamers resembled very much the white ones fre- 
quently seen in auroras." "The bluish color between the 
streamers was faint, but unmistakable, and was due to the sec- 
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ondary spectrum of the objective of the telescope." "An ap- 
parent pulse or luminous wave motion continually occurred 
from the limb outward, reminding me again of the aurora in 
which similar motion is often seen. Perhaps as good a com- 
parison would be the white streams emitted from the head of 
a bright comet." W. O., p. 166. This attributing the blue 
color in the corona to the object glass of the telescope is un- 
happy, because the blue was seen with the naked eye by at 
least two other observers here quoted, the Nos. 2 and 5. 

The eclipse of 1880. 14. Prof. Frisby observed this eclipse 
from the summit of Santa Lucia Mountain, California, 6,000 
feet above the ocean. He says : ** I saw around the sun what 
appeared to me a concentric ring of yellow light, possessing 
great brilliancy. I did not see any streamers or outer corona." 
W. O., p. 399. 

15. Lieutenant Christopher, U. S. N., observed from the 
same place and reported : "At the instant of totality a bright 
band of yellow light, uniform in color, and of great brilliancy, 
burst forth, forming a ring uniform in width, with the excep- 
tion in some parts of distinct yellow protuberances rising up. 
The sun was slightly obscured by light cirrus clouds, prevent- 
ing any view of the red flames, or a distinct view of the outer 
corona," W. O., p. \\\. 

The eclipse of 1883. ^6. This eclipse was observed at Caro- 
line Island, in the Pacific Ocean, by Lieutenant Qualtrough, of 
the United States Navy. He reports as follows : " The moon 
was surrounded by a beautiful halo of silvery light, its color 
reminding me somewhat of the electric light, and shining 
through or over this halo were long white streamers, which 
diverged ray.-likc from the edge of the moon's disk." See next. 

17, Dn y/. S. Dixon, U. S. N., observing from the same 
position, reports : ** At the upper part of the corona, the first 
^V^iS^ tail of light was filamentous to a great extent, irregu- 
l^Iy arranged, a majority of the fibers, however, assuming a 
Quirved direction trending to the right. Nearly or quite all tho 
f^fra^iferte tinted: a delicate lilac.* An apparent movement 
tbca^ seemed to. b^ due to changes in the depth of 



278 THE SIDEREAL MESSENGER. 

color." **At another point there were numerous narrow 
threads or fibers, apparently colorless, but having a more per- 
ceptible movement even than the fibers in the tail of light be- 
fore mentioned. These threads were also irregularly arranged, 
some of them almost bowed, and presented the appearance 
exhibited by a wheat field during the prevalence of a strong 
wind."* This and the preceding one are from the Report of 
the National Academy of Sciences : pages 142-3. It will be 
seen that all these extracts are from the original reports, ex- 
cept the one for the eclipse of 1869 which I have taken at sec- 
ond hand, but which I suppose is correct. 

The eclipses of 1880 and 1883 were visible only at places 
difficult of access, and only two persons at each place were 
appointed to report on the corona. It is remarkable that all, 
without any concert, bore testimony to the colors. The eclipse 
of 1878 had more observers, and it is again remarkable that 
thirteen described the colors. This they did without any col- 
lusion, each one not knowing what the others would report. 
Why some others said nothing about colors will soon be ex- 
plained. 

Along with the colors it is of the first importance to note 
the movements in the coronal rays. TJiey are described as 
** flickering," " flaming," " playing rapidly right and left," " pul- 
sating like a flame in a breeze," ** the appearance exhibited by 
a wheat field during the prevalence of a strong wind," and 
other tantamount expressions. For these movements see Nos. 
6, 7, 9, 10, II, 13 and 17. 

Now the momentous questions arise, What is the cause of 
these colors, and what information do they afford about the 
nature of the solar corona ? Happily we can obtain the neces- 
sary answers from experiments with our philosophical appa- 
ratus. As we have from long ago known how to make actual 
thunder and lightning, so we can produce the aurora borealis 
and the solar corona on a scale so reduced as to do us no 
harm. On an electric -nnlachine we can obtain a flash and a 
snap which have long been known as real thunder and light- 
ning. Now if we put the same machine in operation in the 
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dark, then, from half a dozen or more parts of the machine, 
the electricity will be seen to fly off constantly in the form of 
luminous brushes. They are from two to three inches in 
length, and half an inch in breadth, and they are familiarly 
named electric brushes. They have the appearance of the tall 
streamers in the aurora and the corona. But they have not 
yet the pulsations nor the colors, for the air is too dense. But 
these can easily be added. Rarify the air ; and pass the elec- 
tric discharge through the tube whose air has been partially 
exhausted. Then we see a beautiful, mild, luminous stream 
filling the whole tube, and flowing from the machine to the 
opposite discharging end. This stream or streamer goes by 
pulsations, by cloud-like waves. Tubes of this kind have for 
a century or more been called auroral tubes, because the phe- 
nomena they present are like those of the aurora. Now let us 
exhaust the air still more, — exhaust it so much that almost 
none is left. Then the electric fluid as it flows through ex- 
hibits colors. All the colors of the rainbow can be produced. 
These tubes, including different gases, are called Giesler tubes 
from their first maker. In this way it is an easy operation to 
make thunder and lightning and auroral and coronal streamers. 

My recollections are that, in small ordinary auroras, we see 
no colors. But in the very tall and grand auroras of 1869 and 
1870 and 1871, and in some previous exhibitions, the colors 
were intense and impressive ; " all the colors of the spectrum," 
as was said about the solar corona by observer No. 10 in this 
article. This difference may be because the small auroras are 
down in the denser air, as in the auroral tube, and the tall, col- 
ored ones are farther up in the rarer air, as in the Giesler tube. 
Probably the same causes operate in solar coronas. Hence 
the unusual display of colors in the tall corona of 1878 which 
were reported by at least thirteen different observers. 

But why were these colors not seen by many others } Be- 
cause so many other deeply interesting things demanded at- 
tention. The mere catalogue of subjects to be examined 
scientifically in an eclipse is too long to be inserted here. It 
is a time of deep emotion. The mind is attracted rapidly 
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from one thing to another with the feeh'ng that all will soon 
be over. Moreover the colors of celestial objects require 
time and special attention to bring them out. Often I have 
inquired of individuals about the colors of large stars, Sirius 
for example. Generally the answer is, white. But a short 
time of special looking brings out the true color for Sirius, 
white is green. Hence when there are plenty of observers 
each one should have but a single subject to examine. In the 
eclipse of 1878 very much was gained by the fact that Lang- 
ley and Abbe confined their attention to the size and the form 
of the corona. In addition it should be stated that scientific 
men hitherto have felt not the least interest in coronal colors. 
Even after these colors have been reported by seventeen ob- 
servers quoted here, and by how many more I know not, they 
have received during so many years not the least attention 
from professional astronomers. These colors are to them 
facts without any significance, and therefoFe they have been * 
disregarded. They have been taken up by myself because my 
theory of the aurora and the corona makes such colors signifi- 
cant. It was the same with the changes in the colors of the 
^ stars. Astronomers had declared against such changes, ex- 
♦cept in the single case of Sirius. But my theory of the cause 
of stellar light and heat demanded such changes. According- 
ly I examined and made a catalogue, with the evidences, of 
fifty-six stars whose colors have changed, several of them more 
than once. This catalogue was afterwards inserted in my 
volume, ** The Origin of the Stars." Since then it has been 
added to by others. 

All are familiar with the fact that when the aurora extends 
up in the heavens as high as 45 degrees or less, it is composed 
of streaks, streamers, or radiations up through which wave- 
like motions are seen to rise. These radiations vaiy in breadth, 
but considering the distance their width must be at least a few 
miles. The solar corona is composed of similar radiations. 
Observers call them striae, filaments, and thread-^like forms. 
Among^the 22 plates* in the report cjf the W^hington Obser- 
vatory an the eclipse of 1878, not less than 13. show these 



ASTR ONOMY IN LA TE PERIODICALS, 281 

striae or fine radiations. They require careful scrutiny to be 
seen. Observer No. 13, Prof. Bass, says that "At first the 
corona appeared homogeneous. But after observing with care 
a few seconds its minute structure of radial streamers became 
evident." The eminent observer Professor Langley reports, 
(W. O. page 209) " Now what I saw with the telescope in this 
brief view was a surprisingly definite filamentary structure." 
To be seen at all 92,000,000 miles away, they must be at least 
500 miles broad, — broader, as might be anticipated, than the 
radiations in our northern lights. This brings out a new 
feature of identity between the solar corona and the aurora 
borealis. It is a new and a distinct subject for examination in 
total eclipses. My paper in the March issue of the SIDEREAL 
Messenger insisted on five separate points for observation in 
the corona. This one was accidentally omitted. Now it may 
be added as a sixth. It could profitably occupy the whole 
time of a single observer. Six men or women, therefore, each 
with his own special department, should be employed on the 
corona alone. These distinct rays or filaments are mentioned 
in this paper by observers Nos. i, 4, 5, 6, 7, 8, 10, 13, 16, 17. 

The corona cannot be composed of meteors falling into the 
sun. For the pulsations or wave-like motions all proceed out- 
ward. Nor can it be composed of meteors shot outwardly, 
because so dense a body of meteors constantly around the sun 
would most certainly stop and destroy the comets. Some of 
these pass within 100,000 miles of the solar surface. For fur- 
ther information I refer to my papers in this magazine for 
March and October last with the other paper therein men- 
tioned. J. E. 

ASTRONOMY IN RECENT PERIODICALS. I 



Nature. In the issue of Aug. 4 of this periodical Miss A. 
M. Gierke reviews a late volume of Carl Braun, S. J., of Miin- 
ster, Aschendorff, 1887, under the title, **A New Cosmogony." 
The first point raised is concerning the truth of the nebular hy- 
pothesis as given by Laplace, and the claim is made that it now 
no longer fits the facts, and that fairly speaking nothing is left 
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of it, but the naked fact "that the solar system did, somehow, 
originate from a primitive nebula by condensation, but further 
than this the whole field is open to speculation." 

Dr. Braun and Wolf belong to one of the two late schools of 
cosmogonists which are wrestling with the Kant-Laplace 
scheme, and M. Faye of France is a leader in the other. Faye 
would abolish the old hypothesis, but Braun and Wolf would 
build upon it as a foundation with a method radically different 
from that of Laplace. 

Dr. Braun's theory assumes a nebulous mass, in the begin- 
ning, co-extensive with the whole sidereal world. He thinks of 
this vast mass as endowed only with gravity and atomic repul- 
sion. It is motionless, and if at any time not homogeneous, 
centers of attraction would form, in the process of condensa- 
tion, which would eventually break up the primitive nebula 
into fragments, and these in turn would later become indi- 
vidual systems. The theory of Laplace assumed rotary mo- 
tion in the beginning. Dr. Braun accounts for axial motion by 
the falling or inward rush of cospiical masses from space which 
have eccentric collisions with one another. We have a feeble 
illustration of the theory, in the behavior of comets at the 
present time in* reference to the sun in the solar system. 
Laplace, however, thought that comets moved, by nature, in 
hyperbolic orbits and in ellipses by perturbation ; but Faye 
holds that out of 364 cometary orbits computed, not one is a 
decided hyperbola, thus showing that the assumption of La- 
place was wrong. 

Another objection to the nebular hypothesis of Laplace was 
that it requires too swift axial rotation for the central body. 
The principle was that a homogeneous rotating globe should 
revolve ffiore rapidly, as it contracts, in porportion to the 
square of the radius. Thus, when the primitive nebula was 
spread out to fill the orbit of Neptune, if its rotation was 165 
years, (the period of Neptune's revolution), when contracted 
to the sun's present size it ought to rotate in 127 seconds of 
time approximately instead of 25 days, as will be readily 
proved by comparing the square of Neptune's mean distance 
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(2,78o,ooo^cxx) miles) with the sun's radius (434,000 miles). On 
the contrary Dr. Braun holds that the solar nebula never had, 
at any time, uniform axial motion, a hint of this now being 
seen in the present unequal rotation of different parts of the 
solar surface which began by external impacts, the outer por- 
tions of the primitive mass moving most rapidly, and the inner 
regions slowly following from external action. 

The ring theory of the planetary formation is almost wholly 
abandoned, and yet the comparatively even plane of planetary 
revolution does not seem to offer to Dr. Braun's theory in- 
superable difficulties, though this point is less definitely stated. 
The mode of obtaining planetary rotation and the revolution 
of accompanying satellites is ingenious and very different from 
the old theory. In condensing, each planet of the solar system, 
for example, is assumed to be about five times its present dis- 
tance from the center of revolution. From these positions 
they would move inward and onward spirally through the gen- 
eral nebulous mass, sweeping paths nearly clean of cosmic 
matter until a balance is reached between gravity and tan- 
gential force, and then the inward approach would slowly 
cease. The density of these young planets consequently 
would be slightly increased on the inward side which would 
cause a whirling movement thus accounting for planetary ro- 
tation. Mention is made that this rotation, so originated, must 
have been in the outer parts of the planetary nebula to ac- 
count for the rapid revolution of satellites, yet unborn, as com- 
pared with the slow motion of the parent mass. 

Considerable is said regarding the difference of inclination 
to the ecliptic shown by the axes of various planets, in at- 
tempting to account for this troublesome fact. Speaking of 
external impacts on the inchoate earth, it is claimed that the 
collision of a body with it, one-thousandth part of its present 
mass, would have changed the inclination of its axis one de- 
gree, and, that when earth's radius was seventy times as great 
as now, it only needed the adverse impact of a body less than 
one ten-thousandth part of its own mass to stop its revolution 
altogether. This fortuitous way of securing the varying in- 
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cHnations of planets, satellites and the sun itself seems quite 
like begging a difficulty in the theory. 

Dr. Braun makes Neptune the first planet in order of pro- 
duction, but Faye puts it last. Because of its retrograde mo- 
tion Dr. Braun supposes that it may have been condensed from 
a nebulous ring, but Professor Kirkwood thinks this could 
scarcely have been possible, because it would have required 
150,000,000 years for the opposite portions of the ring to come 
together. 

Very briefly stated, these are the outlines of the new cos- 
mogony which plainly show much laborious thought, hard 
work and honest inquiry respecting the origin of things which 
probably science will never fully understand. That Dr. Braun 
has taken steps in advance is plain, but that new difficulties 
beset this earnest explorer's path is equally plain. 

Monthly Notices for June contains a brief article from Prof. 
Pritchard on the parallax 6I1 and 6I2 Cygni as obtained by 
photography which, we believe, is the first successful attempt 
of the kind. The observations began May 26 last year, and 
were completed May 31, 1887. The work involved 30,000 bi- 
sections of star-images on 330 photographic plates procured on 
.S9 nights. The mean results obtained are : 

Parallax of 6I1 Cygni = 0.4289 
" 6I2 " = 0.43S3 

"Professor Pritchard claims that the photographic method is 
accurate and as reliable as other known astronomical methods. 

Then follows A. M. W. Downing's comparsion of star places 
of the Argentine General Catalogue for 1875 with those of the 
Cape Catalogue for 1880 and with those of other Southern Star 

Catalogues. 

Prof. A. Auwers' Catalogue of 480 stars to be used as fun- 
damental stars for observations of zones between 20° and 80® 
south declination. This working list is drawn up for as- 
tronomers in southern observatories, that a new and system- 
atic determination of their places may be secured as early as 
possible. The objects sought are, better knowledge of stellar 
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proper motions of southern stars and aid to the Paris pro- 
gramme of a general photographic survey of the heavens for 
the epoch of 1900. 

Measures of double-stars at Sydney observatory. 

Professor Hough's observations of the companion of Sirius. 

J. E. Gore on the orbit ^ 1757. 

A. Marthas formulae for correcting approximate elements of 
the orbits of binary stars. 

J. G. Lohse's observations of Nova Cygni. 

A. H. Wesley, the solar corona, as shown in photographs 
taken during total eclipses, interestingly illustrated. 

Of the remaining brief papers, Edmund Neison's reply to 
Professor G. HilFs former article entitled **A reply to Mr. 
Neison*s strictures on Delauney's method of determining the 
planetary perturbations of the moon," is prominent. Mr. 
Neison says that Professor HilFs criticisms of his paper show 
an imperfect acquaintance with the history of the question, 
and that they are not supported by evidence, and then notices 
two points in the reply. 

1. That Professor Hill in justifying Delauney falls into the 
unquestionable error which his (Mr. Neison*s) paper sought to 
correct by showing that Delauney had not represented Han- 
son rightly or fully. 

2. Mr. Neison claims that by his methods of dealing with 
this problem there are obtained certain quantities in the co- 
efficients of high order, depending on the higher powers of the 
disturbing force, which give rise to sensible values to these 
terms of long period, and that these values have not been ob- 
tained by Delauney's complex method, and that because they 
are not obtained by that method, he thinks it is bad logic to 
say the values themselves do not exist or are erroneous. 

Astronomische Nachrichten^ Nos. 2798-98 contains cata- 
logue No. 6, 100 new nebulae by Dr. Swift of Warner Obser- 
vatory. A definitive orbit of Comet 1863 IV, by Aug. Sved- 
strup whose elements are : 



7r'= II3*» l6' 32.33" 




w'= 21 13 11.72 


Mean 


Q'— 92 3 20.61 


- Eq. 


i: = 76 6 8.31 


1863.0. 


^ = 0.7065990 J 
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T = 1863 Nov. 9.52384 Berlin M. T. 
?r = 94** 43' 16.2" 

^ = 357 13 50-2 
^ = 97 29 26.0 

/ = 78 5 2.2 

log q = 9.8491730 

in which the elements on the left are referred to the ecliptic 
and those upon the right to the equator. 

Following appears an article entitled, " Can the Parallax of 
the Fixed Stars be made Perceptible V by Chas. H. Kummell, 
Washington, D. C. The instrument suggested resembles a 
Helmholtz telespectroscope to be used as a photograph instru- 
nient. Views of the same stars (without proper motion) are 
supposed to be taken semi-annually, and. through the stereopic 
effect of such celestial objects a new method of measuring par- 
allax is expected. It suggested also that this means would 
also offer an easy method of searching for stars with sensible 
parallax. 

In No. 2800 is found new elements for Comet 1846 VI 
(Peters) and 1884 HI (Wolf) and John M. Thome's Cordoba 
Observations of the Great Southern Comet 1887 I. In No. 
2802 elements of the orbit of Comet 1882 I are given, and the 
elements of a provisional orbit for the close pair (A B) of the 
triple-star 12 Lyncis {^ 948) as follows: 

P z=z 485.8 years Q = i66* 30' 

T = 1716.0 A. D. A = 93 36 

e = 0.229 a = 1.64" 

r = 46° 3' A = — 0.741 

After the elements follows a comparison between the re- 
corded measures and the positions computed from the above 
elements. 

Astronomical Journal^ No. 159 concludes John N. Stock- 
well's paper ** On certain inequalities in the moon's motion 
arising from the action of the planets," in which he says : 

**It is therefore manifestly useless to seek for an explanation 
of the empirical equation discovered by Professor Newcomb 
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in the action of planets on the moon. In fact, the explanation 
of that equation which is given in (A. J.) No. 149, viz ; that it 
is simply the correction of the adopted value of the inequality 
of longitude due to the oblateness of the earth, in order to re- 
duce it to its true value, is so obviously correct that no further 
explanation seems necessary, at least until it has been clearly 
shown that the explanation there given is inadequate for the 
purpose." 

In No. 160 appears improved elements and ephemeris of 
comet 1887 e by C. S. Chandler Jr. 

A determination of the coefficients of expansion of the glass 
plates used for stellar photography atCordoba,in the years 1872 
to 1876, and 1880 to 1883, by Professor W. A. Rogers of Colby 
University. The results of a long series of observations is the 
establishment of the invariability of the coefficients of expan- 
sion of Bailey's metal, of Jessup*s steel, and of Chance & 
Son's glass between the limits of — 3° and + 39° Fahrenheit. 
The critical time of quiescence for these observations was 
found to occur on clear days about half an hour after sunrise, 
and on cloudy days at a considerable later time. The absolute 
coefficients of expansion of the specimens of photographic 
glass in hand were 0.438/1 and 0.412/i. 
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Necessary absence from home and the State, during the 
early part of September, made it quite impossible to publish 
the Messenger for the month of September on time, hence 
the present double issue. 



Recent Showers of Meteors (continued from Sidereal Mes- 
senger, April, 1887, p. 160). — Between March 13 and July 31, 
1887, 1 saw 759 meteors during 118 hours of observation. May 
was a very cloudy month here, but both June and July have 
been exceptionally clear. The following list of radiants in- 
cludes the best showers derived from these new observations : 
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Epoch of Shower. 


Night 

of 
Max. . 


Radiant 
% Point. 
R. A. Dec. 


No. of 
Meteors. 


Appearance. 


1887. 
March 13-24 


March 24 

March 23 

March 27 

March 28 

April 20 

April 18 

April 18 

April 20 

April 25 

June 15 

June 20 

June 18 

June 15 

June 18 

June 17 

June 17 

June 26 

June 20 

June 17 

June 25 

July 12 

July 29 

July 23 

July ^ 

July 31 

July 28 

July 27 

July 28 

July 31 


161°+ 68° 
190+20 
229+32 
263+62 
189 + 20 
213 + 53 
231 + 17 

269 + 32 
272+21 
291 + 52 
335 + 57 
274 + 69 
285+23 
302+24 

270 + 47 

268 — 24 
354 + 39 
280 + 43 
252 + 11 
238+47 
333+12 

269 + 49 
335+49 

16 + 31 

46 + 26 

a37 — 12 

260 + 69 

34 + 18 

5 + 10 


7* 

5* 

5 

5 

7* 

7 
10 
16 
10 

8 
10 

9 
11 
11 

5 

5 

6 
10 

7 

7 

17* 
13 
16 

7 

7 
27 

7 

8 

6 


Rather slow. 


March 21-24 


Rather swift. 


March 25-27 


Swift^ small. 
Slowish. 


March 28 


April 12-25 


Slow. 


April 17-19 


Swift, short. 


April 17-25 


Very swift. 
Swiit, streaks. 


April 18-20 


April 18-26 


Swift, short. 


June 10-17 


Swift, short. 


June 10-88 


Swift. 


June 11-19 

June 12-21 


Very swift, short. 
Slowish. 


June 13-20 


Rather swift. 


June 13-21 


Slow, brieht. 


June 14-20 


Very slow, bright. 
Very swift, streaks. 
Swift, faint. 


June 14-26 


June 17-23 


June 17-23 


Very slow. 


June 21-26 


Slow, small. 


July 12-27 


Rather slow. 


July 14-31 


Swift. 


July 16--31 


Swift, short. 


July 22-29 


Swift, streaks. 


July 22-31...! 


Swift, streaks. 


July 25-29 


Slowish, long.t 
Slowish. 


July 27-29 


July27-31 


Swift, streaks. 


July 27-31 


Swift'. 







* Including one or two meteors registered at same epoch in preceding years. 

t This shower in Aquarius represents the special display of the July meteoric epoch. In 
1883, on July 28, 1 found the radiant at 337° — 11°; on July 28, in 1879, at 338° — 14°; and on 
July 27-31, 1878, at 341° — 13^. 

In addition to the above streams I observed many others ap- 
parently of less importance, except the Perseids which have 
really formed the richest shower of all. Between July i8 and 
31 I recorded 53 meteors belonging to it, and the radiant point 
has exhibited the same progressive motion amongst the stars 
as noticed here in previous years, as will be seen by the fol- 
lowing positions determined on various nights : 



Date 

1887; 

July 19 

July 22-23 

July 27 

July 28 

July29 

July 31 



Radiant. 



R. A. Dec. 

190+ 51° 



25 
29 
30 
31 
35 



52 
54 
55 

54K, 
54 



No. of Meteors. 



4 

9 

5 

10 

10 

11 



The Perseids 
are 8wift,bright 
meteors, leav- 
ing phosphor- 
escent streaks. 



In 1885, on July 13, 1 saw some swift, streak-leaving meteors 
from 11° + 48** and I believe these were a very early display 
of the same stream. There is very strong if not conclusive 
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evidence that this celebrated shower endures from July 13 to 
August 22, and that the radiant advances during this interval 

from 11° + 48° to 76° + 57°. W. F. DENNING. 

Bristol, England, Aug. i, 1887. 

Comet f i88y (Brooks), — Under date Aug. 27, the following 
letter was received from Mr. Brooks concerning the discovery 
of the above named comet : 

"On the morning of August 25th, 1887, while sweeping low 
down in the eastern heavens I discovered a new comet, in the 
constellation Cancer, approximate position R. A. Zh SSm, 
Decl. north 29 degrees. I verified the discovery by a second 
observation the following morning and found the comet to be 
moving at the rate of about ^ of a degree daily in an easterly 
direction. Also observed it again this morning, August 27, 
when it was in field with the wide double-star i Cancri and 
about 20' north of the star. Comet is brightish with eccentric 
condensation." 

Elements and ephemeris of Comet/ 1887 (Brooks), by H. V. 
Egbert. From observations on Aug. 26, 28 and 30, 1 have de- 
rived the following elements of Comet Brooks : 

T = 1887, Oct. 6.480 Gr. M. T. 
io = 63° 18' ) 
Q = 84 33 VApp. Eq. 
/ = 44 10 ) 
log q = 0.08719 
C—0 
A X cos /? = — 0.05 
J iS = — 0.07 

Ephemeris for Greenwich midnight : 



1887. 


A. R. 


Dec 


• • 


Lg. r. 


Lg. J. 


L. 


Sept. 6 


g/i 2Tm 


—30° 


II' 


O.I 164 


0.3093 


I.2I 


10 


9 46 


30 


13 


0.1096 


0.3025 


1.29 


14 


10 05 


30 


05 


0.1036 


0.2964 • 


1.37 


18 


10 25 


29 


49 


0.0983 


0.2912 


1.44 


22 


10 44 


29 


23 


0.0939 


0.2868 


1.49 


26 


II 04 


28 


48 


0.0906 


0.2834 


I.S4 


30 


II 24 


28 


03 


0.0884 


0.2810 


1.57 


Oct. 4 


II 43 


27 


08 


0.0873 


0.2796 


1.59 
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These elements agree quite closely with those of the Olbers 
comet of 1815 and establish the identity of the two comets. 

Dudley Observatory, Sept. 3, 1887. 

This comet has a stellar nucleus and a faint tail. Before its 
orbit was known Mr. Brooks suspected its periodic character 
and of course is pleased to find that it is the return of the 
Olbers comet. We are also told by a ready computer, that the 
elliptical elements by Ginzel give a perihelion time which rep- 
resents some observations within one minute of arc in both 
latitude and longitude. 

This comet was first seen by Olbers in 18 15, and at that 
time its periodicity was recognized. About three years ago 
its orbit was carefully investigated, and it was then announced 
that it would probably return in December, 1886, but the time 
was uncertain to the extent of one and one-half years, its 
period of revolution being about seventy-two years. This is 
especially interesting in view of the fact that it takes its place 
in the list of long-period comets as third, which has been es- 
tablished by observed return to perihelion. The other two are 
Halley's with period of 76 years and the Pons-Brooks comet 
of 1812, re-discovered by Mr. Brooks Sept. i, 1883, and which 
has a period of 71 years, 4 months and 10 days. Its path for 
the month of September was eastward, though the constella- 
tion of Leo being nearly north of Denebola Sept. 30. 



Memorandum 0/ Miscellaneous Special Observations, re- 
corded at the Chabot Observatory, 1886-87. — ^^^' = + 37^ 
48' 05"; Long. = 8A 09W 06.3J W. 

1886. 

June 7th. Transit egress of Jupiter's Satellite III noted at 
gh 26.Sm local mean astronomical time. ObsV., C. B. H. 

June 13th. The occultation of star rj Librce by moon ob- 
served with equatorial dis. by chron. No. 1744 at 15A o6»f 49.3^, 
chron. fast of local sidereal time \m 15.37^, and true sidereal 
time = 15A 05 w 33.9^. Obs'r., C. B. H. 

July 1st. Eclipse reappearance of Jupiter's Satellite I noted 
at 15A 431^ 28^ on sid. chron. No. 1744, which was fast of local 
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sidereal time \m 11.5J. Observation at 9A OMn 36.2^ L. M. T. 
(By Amer. Ephemeris = ()h oim 36.OJ.) Obsr., C. B. 

July 3d. Oc. dis. of Jupiter's Satellite II noted at gk i^m 
L. M. T. Atmosphere bad, and obs'n. uncertain. ObsV., C. B. 

July 5th. Occultation of *' c LeoniSy' 5th mag., observed 
through finder of Equatorial by C. B.; obs'r. at chron., C. B. H., 
and time 14A $^m 21.8^. Chronometer fast of local sidereal 
ih 10.^3 and observation at 14A S/w 11.3.? L. S. T. 

November 12th. Occultation of "^ Tauri^^ ist mag., ob- 
served with 85^ inch Equatorial ; using sidereal chronometer 

No. 1744. 

Dis., 23A 23^^ 45-7'^, power 300. 
Reap., GO 20 02.3 " 50. 

Both observations considered excellent ; atmosphere good. 

Corr'n. to chron. — QOm 16.9J and — QOtn i6.8.y, and true 

Dis. = 23A 2im 28.8J local sid. time. 
Reap. = 00 19 45.5 " 

Obs'r., Burckhalter. 
1887. 
February 2d. Occultations of stars in the "Hyades" clus- 
ter, with powers of 40 and 100 on the 8^ inch Equatorial, viz.: 



Star. True L. Sid. T. 


Remarks. 


Dis. 70 Tauri — 5A ^om 14.8^ 


Not instantaneous. 


^Tauri - 7 51 27.1 


Good; sudden. 


Arg. + 15.633** - 7 55 16.2 


i< Ci 


Arg. + 15.635** = 8 32 03.6 


(i {{ 


Reap, e Tauri =8 36 55 ± 055 


Poor observation. 


Dis. B. A. C. 1 391 — 8 46 50.7 


Good ; sudden. 



ObsV., C. B. H. 
March 29th. Occultation of "« Tauri^' observed with Equa- 
torial during full daylight on afternoon of this day. Dis. at 
3A 28«i 59.6J by sid. chron., power 90 ; star bright and steady. 
Reap., with power of 200 diameters, at 4A 56W 49.8 by chron. 
Corr'ns. to chron. = + Sm 16.3.? and + 3m 16.4s. 

Dis. = 3^ 32W 15.9J local sid. time. 

Reap. = 5 00 06.2 " " " 

ObsV., C. B. H. 
C. B. = Mr. Chas. Burckhalter. 
C. B. H. = Mr. Chas. B. Hill. 
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Magnitudes of Stars for Nautical Almanacs, — Since our last 
issue, we have learned with pleasure that Professor Pickering 
proposes to publish a series of short articles on astronomical 
and meteorological subjects to be prepared at Harvard College. 
Observatory. The first of this series will be on the magni- 
tudes of standard stars of the various Nautical Almanacs 
now in use in different countries. Having noticed that 
Almanacs varied much in the brightness assigned to 
particular stars, and that generally the best determin- 
ation was not in use, Professor Pickering proposed to 
the superintendents of Nautical Almanacs in different countries 
to furnish them a discussion of the magnitudes of the standard 
stars, as derived from best modern determinations. Favorable 
replies were received from all except England and Germany, 
so that the work will go forward. The plan proposed is to 
take for each star a magnitude which is the mean of those 
given by four standard authorities, the Harvard Photometry, 
the Uranometrea Argentina, Wolff's photometric observations 
and the Uranometrea Oxoniensis. 



Total Solar Eclipse of Aug, /p. — The preparations for the 
observation of the total solar eclipse of Aug. 19 were probably 
more general and complete than ever before. The many ques- 
tions that astronomers are anxiously waiting to settle by the 
aid of such rare and momentary opportunities as the eclipse 
affords, are a powerful incentive to use fully and well all such 
occasions when they come. The study of the corona and the 
chromosphere by the aid of the spectroscope and photography, 
the search for intra-mercurial planets, and attempts to measure 
the precise ratio of the apparent diameters of the sun and 
moon were objects of eager pursuit by a large company of ob- 
servers stationed at all prominent points along the long path 
of the shadow. In eastern Prussia the failure was almost com- 
plete, likewise in Russia except at Petroosk, where six draw- 
ings of the corona were made and two photographs taken. At 
Spirous the total phase was visible twenty seconds, and at 
Odessa a complete spectrum of the c6rona was obtained. 
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Elsewhere nothing was obtained of value on account of bad 
weather, unless in northern Asia and Japan, from which sources 
reports are not yet received. 



Note on G, C. 4333- — The description of this nebula given in 
the General Catalogue differs so greatly from those made at 
this observatory as to give rise to a suspicion of change in its 
appearance. It has been but little observed and unfortunately 
never sketched until recently. The following descriptions of 
it are all that I have been able to collect : 

General Catalogue. Pretty bright, pretty small, round, 
gradually brighter in the middle, suspicion of resolvability. 

Lord Ross 1848. Curious circular-shaped nebula with a 
large dark spot at one side, around which is a close cluster of 
well defined, very small stars. 

Dr. SchoNFELD 1863. Round, compact, middle bright, 
equals a 11 or 12 magnitude star, diameter 0.3'. 

1868. Perfectly round, very compact, much brighter to the 
middle, middle bright, equals a 11 or 12 magnitude star, di- 
ameter 0.2'. 

MULLER 1887. Two nuclei forming an elliptical nebula, 
elongated 150®, largest diameter 26", northern nucleus brighter. 
A sketch shows each nucleus to be elongated in the direction 
gcP ±, the center being almost devoid of nebulosity. The nu- 
clei are entirely separated from each other except by very 
faint nebulosity, and are of the 12.5 magnitude. 

Leavenworth 1887. Irregular ring nebula, consisting of 
two nuclei ; north nucleus brightest and clearly defined, south 
nucleus rather diffuse, magnitude 12.0. Sketch shows a dark 
spot in the center. 

1887. Sketch shows two nuclei which together form an el- 
liptical nebula with a dark spot in the center. Four very faint 
stars seen in the nebula ; otherwise no indication of resolva- 
bility, even with power 850. 

The \iebula observed at this place must have been the one 
observed by Dr. Schonfeld, since the difference in position as 
compared with a neighboring star is almost absolutely the 
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same. While the difTerence in description may be due to 
change in the shape of the nebula, we think it more probably 
due to differences in size and especially power of the telescope 
used. Yet it is difficult to reconcile two such opposite state- • 
ments as much brighter to the middle and annular with dark 
hole in center. F. P. LEAVENWORTH. 

University of Virginia. 

Ephetneris of Comet i88j f, — As satisfactory material is not 
yet at hand to correct all the elements of the orbit of Comet 
Olbers 1815, I have, from four observations on Aug. 27, 28, 29, 
30, determined the perihelion time by the use of Ginzel's el- 
lipse, and have based the following ephemeris upon Ginzel's 
elements, using the perihelion time derived as stated above. 

Perihelion time was found to be Oct. 8.50398 Gr. M. T., and 
the other elements by Ginzel as given in Viertel. der Ast. 
GeselL, 17 Yahr. Zweites Heft are : 

Q = 84^ 31' 24.2"! 

/ = 44 33 34.3 V Mean Equinox 1887.0 

TZ = 149 48 40.3 J 

^ = 68 31 03.0 
u = 49.387785" 

The correction of this ephemeris on Sept. 16 was + 4s and 
— 9", showing that GinzeVs elements are not far from the 
truth. 

Ephemeris for Greenwich midnight : 



1887. 


A. R. 


Dec. 


Lg. r. 


Lg. J 


L. 


Oct.' 4 


IlA 43.5/^ +27° 06' 


0.0799 


0.2746 


1.68 


8 


12 02.8 


26 02 


0.0794 


0.2740 


1.69 


12 


12 21.7 


24 51 


0.0800 


0.2744 


1.69 


16 


12 40.1 


23 34 


0.0816 


0.2758 


1.66 


20 


12 57.9 


22 12 


0.0843 


0.2782 


1.62 


24 


13 I5.I 


20 46 


0.0880 


0.2814 


1.57 


28 


13 31-6 


19 17 


0.0927 


0.2853 


1.51 


Nov. I 


13 47.4 


17 46 


0.0983 


0.2900 


1.44 


5 


14 02.6 


+ 16 16 


0.1047 


0.2952 • 


1.37 


Unit of light ~ Aug. 


26. 




H. V. EGBERT. 


Dudley Observatory, Sept. 22, 1 


887. 







EDITORIAL NO TES. 295 

Lick Observatory, — By kindness of Assistant J. E. Keeler, 
the Messenger has been informed of the progress of work at 
the Lick Observatory, Mt. Hamilton, Cal. The great dome 
for the 36-inch equatorial works beautifully. It revolves with 
a longitudinal pressure of 225 lbs., so that the hydraulic ma- 
chinery provided is almost unnecessary, so that if water from 
the tank runs low the dome can be easily moved by hand. The 
shutters, when in place, will add something to the weight to 
be carried. 

The castings for the lower part of the pier are already in 

place. The lowest section is 17 feet by 10, and is the heaviest 

piece, so far, hauled up the mountain. While in Cleveland re- 
cently, at the shops of Messrs. Warner & Swasey, we saw the 
fourth section of the pier to which the axes and telescope tube 
are to be attached. When in place the entire pier will be 36 
feet high, measuring from the floor of the observing room to 
the center of motion of the telescope. The polar axis lay be- 
side the head-piece of the pier, and it is apparently a noble 
piece of steel, as hard as it could be made, one foot in diame- 
ter and 10 feet long, weighing one and one-half tons. 

The mechanical device resorted to by the makers to over- 
come the thrust on the lower bearings of the polar axis, occa- 
sioned by its own weight and the weight of the telescope 
when in place, is novel and ingenious. . In the adjacent faces 
of the two main bearing plates two circular and concentric 
tracks are cut large enough to receive steel balls three-fburths 
of an inch in diameter. These grooves are filled close with 
these balls, allowing the plates to have only small pressure on 
each other, thus changing the large part of sliding friction 
into rolling. A method somewhat similar is adopted for the 
declination axis. By these auxiliaries it is confidently believed 
that this immense tube will be under easy control of a single 
person with the aid of dangling ropes or other inconvenient 
tackle used sometimes to harnass large telescopes. 

From the floor a winding stairway of iron is placed at the 
south end of the pier, *with a landing at the base of the head- 
piece of the column, where an opening in pier is made and 
within is placed the great driving clock for the telescope. 
Within the pier, at this height, is space enough for a man to 
walk around the clock, examine and adjust all its working 
parts. Continuing up the stairway about twelve feet higher 
a second landing extending around the pier, with railing, is 
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reached, which brings the observer near the great circles and 
all the quick and slow motion apparatus for controlling the 
telescope. This platform is the place of the assistant observer 
in working hours, when the astronomer desires such help. Any 
change of instrument or reading of circles, however, can be 
done independently by the observer at the eye-piece without 
the aid of the assistant. 

The making of the great tube, 56 feet long and four feet in 
diameter at the ends, with greater diameter at the middle, 
seemed no small task, as its sections were being drilled and 
fitted by special machinery made for this particular work by 
Warner & Swasey. 

The mounting is being pushed forward with all desirable 
haste, considering the many difficult problems which these 
makers have been compelled to solve by their own skill, as 
machinists, for they have no precedents to go by. A few days 
more only are needed to complete it, and then it will be trans- 
ported to Mt. Hamilton where a great dome 75 feet in diameter 
will be in readiness for it. 

Mr. Alvan G. Clark has just returned from Paris where ar- 
rangements were made, as we are informed, for a disc for a 
photographic corrector to take the place of one broken in the 
process of grinding a few months ago. 

Concerning the work on subsidiary instruments in the hands 
of J. A. Brashear, of Allegheny City, and Messrs. Fauth & Co., 
of Washington, D. C, more will be said in our next issue. 



Corrigenda in Various Star Catalogues, — Dr. C. H. F. Peters 
has done further excellent service to astronomy in the detec- 
tion of errors in various star catalogues ?nd in publishing them 
under the above title as an eleventh memoir in the Proceed- 
ings of the National Academy of Sciences. The catalogues 
containing errors so noticed are Oeltzen*s Catalogue of Arge- 
lander's Southern Zones, the Catalogues of Vol. VI of the 
Bonn Observations, Weisse*s Bessel, Runker's Catalogue of 
12,000 Stars (old and new series), Schjellerup's Catalogue, 
Bailey's Lalande, YarnelFs Catalogue (2d ed.), Glasgow Cata- 
logue, Moesta's Santiago Observations, and the Geneva Ob- 
servations 1842-49. 

The paper also contains a list of ** anonymous " identified in 
other catalogues. 

The care with which Dr. Peters does all work is guarantee 
that no pains has been spared to give best results possible with 
means within reach. 



The Sidereal Messenger, 
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THE REJECTION OF DISCORDANT OBSERVATIONS. 



ASAPH HALL.* 
For the Mbssbnger. 

The question, what shall be done with observations that pre- 
sent large discordances from a mean value, is one that will 
continue to perplex investigators for a long time. The foun- 
ders of the method of least squares have called attention to 
the fact that the law of error which is derived from the as- 
sumption of the arithmetical mean as the most probable value 
is not rigorously correct. This is expressly stated by Gauss 
in his Theoria Motus ; and for a finite number of observations, 
a condition which always holds in practice, similar statements 
have been made by Laplace and Poisson, to whom we are in- 
debted for the most general investigations of the law of error. 
The rule of the arithmetical mean is justified on the ground 
that it corresponds to common sense and universal practice. 
Criticisms and improvements of the method of least squares, 
therefore, will always be in order, whether they pertain to 
modifications in the law of error itself, or simply propose to 
change some of the constants into more general functions to 
be determined to suit special cases. Let us look at some of 
the results obtained by means of the methods proposed for 
dealing with this difficult question. 

PEIRCE'S CRITERION. 

This criterion was given by Professor Benjamin Peirce in 
Gould's Astronomical Journal, vol. 2, p. i6i. Though warmly 
recommended by several eminent American astronomers, this 



♦ U. S. Naval Observatory, Washington, D. C 
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criterion has never come into general use, but it has been em- 
ployed for a long time by Mr. C. A. Schott, chief of the com- 
puting division of the United States Coast and Geodetic Sur- 
vey. Such a practical recommendation is important, even 
though Mr. Schott qualifies it by the warning that care must 
be taken in its use, since sometimes this criterion " cuts too 
deep." Professor Peirce applied his criterion to two examples. 
The first is that of thirty observations of the semi-diameter of 
Venus made with the mural circle of the Naval Observatory 
in 1846. After a reduction of these observations Professor 
Peirce finds the probable; error of a single determination to 
be ± 0.28". His criterion rejects no observation. The second 
•example is that of fifteen observations of the same semi-diam- 
eter made with the meridian circle of the Naval Observatory 
in the same year. In this case the probable error of a single 
determination is ±0.39"; and two observations giving the re- 
siduals + 1.01", and — 1.40", are rejected by the criterion. 
After this rejection the probable error of a single determina- 
tion is ±0.21". This diminution of the probable error, is a 
suspicious circumstance. It is well known that observations 
with the mural circle were more accurate than those made with 
the old meridian circle ; and the values of the probable errors 
found before the criterion was applied correspond very well to 
the relative accuracy given by a large number of observations. 
It is perhaps from such consideration as this, and from noticing 
how an apparent accuracy may be given to inferior work, that 
this criterion has been prevented from coming into general use. 
Since this second example is often referred to by writers on 
this subject it may be well to state, though it does not affect 
the argument, that the records show that not one of the fifteen 
observations was made by Lieutenant Herndon. 

STONE'S CRITERION. 
Mr. E. J. Stone, the present Radcliffe observer, does not ac- 
cept the criterion of Professor Peirce, and in the Monthly No- 
tices of the Royal Astronomical Society, vol. 28, p. 165, he gives 
a rule of his own. If a given observer makes one careless ob- 
servation in 500, Mr. Stone finds that the limit of rejection is 
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about five times the probable error of an observation. Thus if 
the probable error is ±0.48", and an observation gives the 
residual 2.5", this observation should be rejected. This is a 
very simple criterion, and can be applied easily. Wc infer 
from the method of least squares that in a thousand observa- 
tions there will be but a single error greater than five times 
the probable error. The application of Mr. Stone's criterion, 
therefore, could not do much harm, and yet I think astrono- 
mers would hesitate in applying it. The probable error ± 0.48" 
is about that of an observation with the common meridian cir- 
cle, and unfortunately residuals as great as 2.5" are still apt to 
occur in this kind of work. 

De MORGAN'S METHOD. 

Professor Augustus De Morgan proposed a method of weight- 
ing observations by means of approximate solutions until the 
assumed and deduced weights agree. Not having seen De 
Morgan's exposition of his own method I cannot speak of it 
with accuracy. It has been referred to as a method of meet- 
ing the difficulty of discordant observations by diminishing 
their weight. The weight depends on the probable error, 
which should be found from the whole series of observations. 
If the discordant observations are so managed as to be given 
arbitrarily a very small weight this process would become 
equivalent to a rejection. The criteria of Peirce and Stone 
seem to meet the question more fairly. 

Besides these criteria two other methods have been pro- 
posed for use in the discussion of observations. The first is a 
proposal to change the law of error which is adopted in the 
method of least squares for one in which the first power of the 
error enters. In his earlier investigations Laplace adopted a 
law of this kind, but he soon discarded it for the one now 
used. It is true that the strict method of least squares some- 
times leads to great labor of computation, and it may be well 
in some cases to shorten the work by grouping the observa- 
tions. This can btf done without changing the law of error. 
Again it may be sufficient for some observations to reduce the 
equations of condition by the old method of making the sign 
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of similar terms the same, then adding all the equations, and 
thus deducing a set of normal equations. This will generally 
give a good result, but if the observations are accurate it» is 
better to spend a little more labor on them. 

Another method has been proposed for the treatment of dis- 
cordant observations in which the law of error assumed in the 
method of least squares is retained, but the measure of pre- 
cision is made a function of several unknown quantities, which 
are to be determined from the residuals found from a prelim- 
inary comparison. There can be no doubt that in a given 
series of observations the measure of precision is not a con- 
stant, as is commonly assumed ; and it must certainly be sub- 
ject to small fluctuations dependent on the condition of the 
observer and his instrument. It might vary with the daily 
allowance of food and stimulant provided for the observer. 
Now it seems probable that if we split an assumed constant 
into several parts, and attach various meanings to them we 
shall be able to represent the observations more accurately. 
In the case of the fifteen observations of the semi-diameter of 
Venus observed in 1846 such a process would permit us to 
represent the residuals very well. But into how many parts 
shall we divide the measure of precision ; two, five, or fifteen } 
We might assume a periodical series and satisfy the residuals 
exactly; but after all the labor one cannot avoid the suspicion 
that this procedure is nothing more than an attempt to conceal 
ignorance under mathematical forms. 

The question recurs whether there is any advantage in the 
discussion of observations by means of these rules over the 
judgment of an experienced investigator. I think the reply 
must be in the negative. For most cases of discordance that 
occur in practical astronomy the judgment of an experienced 
astronomer will be better than any arbitrary rule. Take for ' 
example the observations of a solar eclipse, or the transit of 
one of the interior planets. For several reasons such obser- 
vations are liable to large errors. The heat of the sun and its 
effect on the eye and instrument in confusing the images, and 
the slow motion of the planet, make a little maladjustment of 
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the instrument capable of producing errors of 20 or 30 seconds 
of time. The usual result is that many observations are made 
by inexperienced observers, and sometimes by those who have 
no good means of knowing their local time. Now an astron- 
omer of experience will extract a better result from these ob- 
servations than can be found by any set of fixed rules. His 
methods may seem arbitrary, but he is the last and best resort. 
Of course in cases where each observer has made a considera- 
ble number of observations the probable errors of the dififerent 
series will furnish the combination weights. 

There is one peculiarity of observations which may seem to 
partake of a discordant nature that should not be lost sight of. 
This is what Mr. M. H. Doolittle of the Coast Survey office 
calls their instructive character. Observations should not be 
rejected until they have been carefully scanned, since they 
may contain important information. Several inequalities in 
the motions of the planets and the moon have been discovered 
by apparently discordant observations, and although satisfied 
for a time by empirical formulje they have frequently led to 
theoretical explanation. We sometimes see careful observa- 
tions in astronomy that evidently contain systematic errors. 
These errors are commonly included under the vague terms of 
" flexure" and ** refraction ;*' and generally they may be taken 
as good evidence that the astronomer has not become master 
of his instrument. Such results should spur him on to further 
investigation. 

The method of least squares is a beautiful application of the 
theory of probabilities, and it is the best method of treating 
observations that has been devised. It is an instrument," and 
observers should become familiar with it and learn to apply it 
correctly. It was never designed, as Delambre sarcastically 
remarks, to make good observations out of poor ones, but it 
gives the best result fron the given data. 

October 6, 1887. 
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THE NEW REPSOLD MERIDIAN CIRCLE OP* CARLETON 

COLLEGE OBSERVATORY. 



THE EDITOR. 



The new Meridian Circle, now mounted in the new as- 
tronomical observatory of Carleton College, Northfield, Minne- 
sota, was made by Messrs. A. Repsold and Sons, Hamburg, 
Germany. It was about two years in progress of construc- 
tion, being completed in the summer of 1885. It was received 
late the same year and the erection of the new building for the 
observatory began in the summer of 1886, and it is not yet 
fully completed, though it has been occupied since August 
last. 

For the purchase money and the cost of mounting the new 
instrument the observatory is indebted to James J. Hill, Presi- 
dent of the St. Paul, Minneapolis and Manitoba Railway Co., 
whose generous gift of $5,000 has proved amply sufficient. 
While conversing with'Mr. Hill concerning the projected lines 
of scientific research before the new observatory of Carleton 
College, we were delighted to recognize his intelligent interest 
and quick insight in, and ready comprehension of, present 
phases of scientific thought and the advantages of the best 
and most powerful modern appliances in promoting original 
investigation. Though Mr. Hill is well known for his many 
gifts to science and for the public good generally, it is all done 
so unostentatiously that no one competent to judge can know 
the facts without true admiration. 

The east wing of the observatory is devoted entirely to the 
Meridian Circle. It is 27 feet 6 inches north and south, and 
22 feet 10 inches east and west, inside measure. From floor to 
ceiling it is 12 feet 2 inches. The four piers, seen in the ac- 
companying cut, stand on three separate foundations. All 
have good footing 10 feet below the floor in coarse gravel. 
They are built of limestone and the best cement. Above the 
floor each of the piers is covered with heavy felting and fin- 
ished outside with cherry and ash. At the base below the 
floor the respective sizes of the piers are as follows : 

Central one is 9 feet by 3 feet 6 inches. 
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The bases of the north and south collimator piers are equal, 
being 4 feet by 3 feet 6 inches. The cellar is the same size as 
room above, with good wall 18 inches thick on all sides, with 
one inside entrance and two outside ventillating windows. 
The depth of cellar is 8 feet. 

The north and south openings of the observing room for the 
meridian are 26 inches wide, and provided each with two shut- 
ters securely held in place by the iron adjustable frame, com- 
monly used in observatories for this purpose, and plainly shown 
in the cut. There are two doors for the meridian opening in 
the roof, each about 14 feet long and 3 feet wide outside. 
These doors are opened easily and quickly by levers of steel 
10 feet long and 2 inches in diameter, weighing each about 80 
lbs. The doors are hinged to the roof and their weight is 
partly counterpoised by the weight of the levers so that a pull 
of 35 lbs is sufficient to open them under any circumstances if 
clear of snow or sleet. Their operation is very satisfactory. 

By referring to the cut the collimators and the mode of 
mounting them will be easily understood. The glass cases 
which cover the telescopes have been removed and the levels 
put in place, to show their relation to the collimators. Their 
apparent unequal size is due, of course, to perspective, the 
point of view being the southwest corner of the observing 
room. The collimating telescopes are 33 inches long, with 
objectives 2.64 inches in diameter, and the main telescope be- 
tween the middle piers (in vertical position) is 58 inches long. 
The object glass was made by A. Clark & Sons, Cambridge- 
port, Mass., and has a clear Aperture of 4.80 inches and a focal 
length of 57.5 inches. The diameter of the graduated portion 
of the circles is 21.8 inches. One circle is movable, and is di- 
vided to degrees, the other is fixed and divided to two min- 
utes of arc. The circles are each provided with four micro- 
scopes having micrometers which measure directly to one sec- 
ond of arc and which are adjusted closely enough to detect an 
error of one-tenth of a second of arc. These microscopes have 
already been placed symmetrically on the circular iron frame 
as is desirable to read the circles properly. 
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The micrometer of the telescope is provided with a spider- 
line reticle which contains seven groups of wires, numbering 27 
in all. One revolution of the right ascension micrometer 
screw has been carefully determined and is 64.12". The value 
of the micrometer screw in declination is yet only approxi- 
mately ascertained. The measure of both micrometer screws 
for the collimators is the same, and was determined by the aid 
of the wire intervals of the transit instrument. Value of one 
revolution is 54.90". 

The wire intervals of the transit instrument have all been 
determined by transits of circumpolar stars, and the central 
groups also by micrometer measurement. These fixed wires 
all seem to be welLin place except one. 

In this connection, it may be well to mention a little experi- 
ence that we have had, in the displacement of these delicate 
spider threads. After using the micrometer a short time, the 
motion of the screw was not entirely free through the run of 
the field. The head was carefully taken apart, and the mov- 
able frame of the reticle adjusted to easy motion. In doing 
this, in some unaccountable way, two of the nearest parallel 
fixed threads were thrown into the same groove, and were very 
closely side by side. To replace them without destruction 
seemed at first a problem of some difficulty. A pair of twee- 
zers, with a hair about one inch long, was the instrument 
chosen for the work. In the steady hand of Dr. Wilson, this 
device accomplished the work in a very few minutes satisfac- 
torily. The hair was also used to remove from the other 
threads particles of dust which had lodged upon them. 

One division of the hanging level has been found approxi- 
mately. The instrument has four eye-pieces which have been 
measured by three different observers with the following re- 
sults for magnifying power : 

I = 91. 

II = 133. 

III = 195. 

IV = 268. 
Diagonal V = 202. 
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The mag^nifying power of the eye-pieces of the collimators is 
ICO, and the same for each instrument. 

Observations for the latitude of the observatory have already 
begun and the work on twenty stars, on different nights, is yet 
unreduced. The work for the Meridian Circle in the near 
future, besides the study of the errors of the instrument, will 
be, observations for latitude, time, azimuth ; comparison stars 
for comets ; comparison stars used by Professor Stone, of Le- 
ander McCormack Observatory, in his work on the places of 
nebulae, and a select list of stars from 4th to 8th magnitude for 
geodetic purposed. 

Dr. H. C. Wilson is in charge of the Meridian Circle, and he 
is making good progress, as the preceding record shows, for a 
period of less than four weeks' time. 



ON THE RELATIVE MOTION OF THE EARTH AND OF THE 

LUMINIFEROUS ETHER. 



ALBERT A. MICHELSON AND EDWARD W. MORLEY. 



(Abstract.) 

To explain astronomical aberration according to the undu- 

latory theory of light, Fresnel made two suppositions : First, 

that the ether is at rest except in the interior of transparent 

media ; and secondly, that in such media it is moving, with a 

velocity less than that of the medium in the ratio 5— where 

rr 

n is the index of refraction. The second hypothesis is already 

established ; the authors have now sub- 
mitted the first to the test of experiment, 
by the method proposed and executed by 
Michelson in i88i,so modifying the scale 
of the experiment and the mounting of 
the apparatus as to obtain decisive results. 
7f ^ Let light from s be partly reflected to 

b and partly transmitted to c, and be re- 
turned by mirrors at b and c ; part of the 
returning light will unite along ad, and, if 

the two paths are equal, will produce interference. If now, 
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the ether being at rest, the apparatus moves in the direction 
sc with the orbital velocity of the earth, the directions and 
distances described by the rays will be altered ; if we put D for 
the distance ab^ and v and V for the velocities of the earth 

and qj light, we shall find the difference of path to be D^^ 

If the apparatus be now rotated so that ab is in the direction 
of the orbital motion of the earth, the difference will be in the 
opposite direction, and the displacement to be observed will 



therefore be 2D 



V* 



In the experiment of 1881, -O was such that the displace- 
ment according to theory would be 0.04 wave length ; in the 
present case, D was, by repeated reflections, made about ten 
times as large. The former apparatus was extremely sensitive 
to vibrations and suffered distortion during the rotation ; these 
difficulties have now been entirely overcome by mounting the 
apparatus on a massive stone floating on mercury. 



rr\ 



Ioj=®r G 



;3c 



►--i^. -J 



Fig. 2. 



^j: is a stone 1.5 metres square, and 3 decimetres thick, bb is 
an annular wooden float, cc is an annular trough containing 
mercury ; between the float and the trough is a clearance of 
one centimetre. A pin d can be pushed into a socket e so as 
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to keep the float concentric with the trough ; the pin bears r 
part of the weight. 
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Fig. 3. 

At each corner of the stone are four plane mirrors, e, d, of 
speculum metal, b and c are plane parallel glasses. Light 
from an Argand burner at a divides at b, follows the paths in- 
dicated, and reaches the observing telescope/". 

The mirrors having been adjusted so that both rays entered 
the telescope, the lengths of the two paths were made nearly 
equal by measurement and by moving the mirror e which 
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could be moved in the direction of its normal, keeping very 
accurately parallel to its former plane. The telescope being 
adjusted to distinct vision of the source, the two images were 
made to coincide. Then the telescope being adjusted to dis- 
tinct vision of the expected interference fringes, sodium light 
was substituted for white light, and the interference fringes 
were made as clear as possible by adjustment of the mirror e. 
White light being restored, e was slowly moved in the direc- 
tion of its normal till the fringes reappeared in white light, 
when they were adjusted to a convenient width and position 
and the apparatus was ready for observation. 

While the apparatus was revolving once in about six min- 
utes, the wire of the micrometer was set on the clearest fringe 
at the moment of passing one of the sixteen equi-distant marks 
on the iron trough ; the readings were continued for six revo- 
lutions. 

The following are the means of three such sets of readings 
made at noon on three days and of three sets of readings made 
at six hours after noon on three days. The numbers are wave 
lengths, and are corrected for linear variations. 



Marks 

Noon 


. 16 
..0.00 
..0.00 


1 
-0.07 
+ 0.06 


2 

+ 0.02 
— 0.02 


3 
0.00 
+ 0.07 


4 

— o.m 

+ 0.05 


5 
+ 0.13 
+ 0.16 


6 
+ 0.23 
+ 0.13 


7 
+ 0.16 
+ 0.03 


8 
0.00 


Evening . 


0.00 



These means are plotted in the following fig^ure : 
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Fig. 4. 



The upper curve represents the noon observations and the 
lower those at evening. The dotted curves represent one-eighth 
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of the theoretical displacement. The actual displacement, it 
seems fair to conclude, was certainly not one-twentieth, and 
probably not one-fortieth, of the theoretical. The displace- 
ment varies as the square of the velocity ; therefore the rela- 
tive velocity of the earth and the luminiferous ether was cer- 
tainly not one-fourth and probably not one-sixth of the orbital 
velocity of the earth. 

It is of course possible that the orbital velocity of the earth 
at the time of the experiment was equal and opposite to that 
of the solar system through space. Measurements will there- 
fore be repeated at proper intervals. 

A NEW MODE OF DETERMINING THE CONSTANTS OF 

REFRACTION AND ABERRATION. 



GEORGE C. COMSTOCK.* 



In a series of papers 'published during the past two years in 
the Comtes Rendus, M. Loewy has suggested the introduction 
into practical astronomy of a new instrument and has worked 
out in detail its application to the solution of two important 
problems of spherical astronomy, the determination of the so- 
called constants of refraction and aberration. 

The fundamental idea upon which the proposed methods of 
research are based is the superior accuracy of differential as 
compared with absolute measurements. The determination of 
the astronomical refraction by the methods hitherto in use fur- 
nishes an excellent example of the difficulties attending in- 
vestigations of the latter class. We have here to determine 
the absolute declinations of a group of circumpolar stars from 
observations made at their upper transits over the meridian 
and the declinations of the same stars from observations made 
at their lower transits. The value of the refraction depends 
ultimately upon the difference of the declinations thus deter- 
mined. Consecutive observations of the same star are thus 
separated by an interval of at least twelve hours, frequently by 
a much longer one, and the astronomer engaged in a research 
of this kind has to fear not only the instrumental sources of 
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error which affect a single observation, such as flexure, division 
errors, irregularities of micrometer screws, etc., but also the 
change in instrumental constants and in exterior surroundings 
during the interval elapsed between the observations. All 
these sources of error must be examined at an enormous ex- 
penditure of time and labor, their influence upon the resulting 
declinations determined, and when this has been done there 
remains the certainty that whatever instrumental error rests 
undetected has gone into the quantity to be determined and 
thus tends to vitiate it. 

Suppose it possible to make the required observations simul- 
taneously and to make them in such a manner that whatever 
error affects one observation shall affect the others in the same 
way, then when differences are taken the result is absolutely 
free from the errors which before were the chief source of un- 
certainty in the determination. This, then, is the problem 
which M. Loewy has proposed to himself and has solved : To 
devise a method by which the refraction can be so determined 
that the resulting value shall not be appreciably affected by 
instrumental errors. 

The effect of refraction being to apparently displace all stars 
from their true positions toward the zenith it follows that the 
apparent angular distance between any two stars is affected by 
the refraction, and the amount by which it is so affected varies 
from hour to hour on account of the changed positions of the 
stars relative to the zenith. Thus, if one of the stars is in the 
zenith and the other in the horizon the distance is diminished 
by the whole amount of the refraction at the horizon. If the 
same two stars are by the diurnal motion brought into a po- 
sition in which they are at equal distances from the zenith 
their apparent distance from each other will still be affected 
by the refraction, but the effect in this position will be inuch 
less than before. The exact amount of the effect in every 
case can be stated mathematically in terms of a certain quan- 
tity called the constant of refraction, and it is this quantity 
which is to be determined. Suppose the apparent distance of 
the pair of stars to be measured in each of two positions. 
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Each observation will furnish an equation containing two un- 
known quantities, the true angular distance of the stars and 
the amount of the refraction expressed in terms of the con- 
stant of refraction, and by the solution of the two equations we 
may determine the quantities required. Thus, if k denote the 
constant of refraction, ak and bk the effect of refraction upon 
the apparent distance of the stars at the times of the first and 
second observations respectively, D the true distance between 
the stars as it would appear if there were no refraction, and 
Z?i and D^ the measured distances between the stars ; we have 
the equations 

First observation, D^=^ D -{- ak 

Second observation, D^= D -{- bk 

by combining which we find, k = — ^ ^ 

o — a 

We have here determined ^ by a method which involves 
only the numerical coefficients b and a^ whose values can be 
computed from the known positions of the stars, and the 
quantity D^ — Z^j which is the difference between the results 
of two observations made at an interval of four or five hours. 

Thus far, however, but little that is new has been developed. 
If we attempt to carry out the plan thus indicated and to 
measure the distances D^ and D^ with any of the instruments 
in ordinary use we shall find since the positions of the stars at 
the two times are quite different, that the observations will be 
affected with different errors and the difference D^ — D^ will 
not be free from their effects but may be influenced .by them 
to an extent equal to the sum of the two separate errors. The 
merit of M. Loewy's method consists in a new mode of making 
the observations and in the proof that when so made the re- 
sults are free from the effects of instrumental errors. 

In front of the objective of an equatorially mounted telescope 

imagine a prism with silvered faces, placed as in the accom- 

^^-^^ panying figure, in which 

the broken lines represent 



"^ the paths of rays of light 
"" coming from two stars and 
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reflected from the surfaces of the prism so that images of the 
stars are formed at the focus of the telescope. It is evident 
that by choosing a proper value for the angle of the prism, the 
images of any two stars may be brought simultaneously into 
the field of view of the telescope and that the distance between 
the images may be measured with a micrometer. It follows 
from simple optical principles that the angular distance of the 
two stars is equal to twice the angle of the prism plus the 
measured distance between the images, so that the measure- 
ment of the large angular distance between the stars is re- 
duced to the measurement of a small distance with* a microm- 
eter, an observation which can be made with great precision. 
To know the absolute distance between the stars, however, we 
still need t<» know the angle of the prism, but fortunately the 
determination of the constant of refraction, as has already 
been shown, does not require us to know the angle between 
the stars but only the variation of that angle, D^, — Z?, , due to 
the changed positions of the stars relative lo the zenith, and 
this variation of the angle is equal to the difference of the 
micrometer measurements at the two times. 

Let us recur now to the subject of instrumental errors and 
see how the method thus indicated is free from them. It is 
evident that between the two observations of the pair of stars 
whose distance apart is to be measured, several hours must 
elapse, and that the telescope must be turned to different parts 
of the heavens in making the observations, and it appears at 
first sight that the turning of the telescope into a new position, 
combined with the changed effect of gravity and possible vari- 
ations of temperature, must produce some change in the posi- 
tion of the prism relative to the telescope which will alter the 
position of the images in the field of view and give rise to 
errors absolutely fatal to the accuracy of the results. But 
such is not the case. Any motion whatever of the prism rel- 
ative to the telescope can be resolved into a motion of trans- 
lation of the whole prism, and a motion of rotation about one 
or more of a set of three axes taken at right angles to each 
other. A motion of translation of the prism cannot affect the 
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distance of the images from each other, unless the objective of 
the telescope is grossly defective and M. Loewy has shown by 
an elegant mathematical analysis that a small rotation of the 
prism about any axis, at right angles to the axis of the tele- 
scope, can have no appreciable effect upon the distance of the 
images in the field of view, its only effect being to displace 
both images in the same direction and by the same amount. 
The only remaining motion to consider is a rotation about the 
axis of the telescope itself. This does produce a change in 
the relative position of the images, but this very rotation may 
be made use of to determine the position in the field of view 
of the plane passing through the two stars and the eye of the 
observer. The projection upon this plane of the distance 
between the stars is unaffected by any small rotation of the 
prism whatever, and in the observations it is this projection of 
the distance between the images, and not the distance itself, 
which is to be measured, /. e.y this is the quantity which above 
we called D^ and D^, 

Another source of error still remains to be noted. It is 
possible that the angle of the prism may be altered by change 
of temperature, or other causes, in the interval between the 
two observations and a change of this kind will appear with 
its full value in D^ — D^ ; but even this source of error is elimi- 
nated by observing two pairs of stars so situated that if this 
error makes D^ — D^ too great in one case, it will make it too 
small in the other, and will thus disappear from the mean of 
the two determinations. A determination of the constant of 
refraction is thus obtained from two observations made within 
a few hours of each other by the same observer with the same 
telescope, each observation consisting in measuring with a 
micrometer the distance between two stars which appear side 
by side in the same field of view. 

It is not, however, to be supposed that the method of re- 
search thus suggested is in itself so perfect as to preclude the 
necessity for care and skill in the execution of the observa- 
tions. As here presented it is given in its barest outlines 
only, and numerous precautions to be observed will suggest 
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themselves to the mind of any one familiar with the art of 
observing, but their exposition does not fall within the scope 
of this article. 

We have thus far treated M. Loewy's method as applied to 
the determination of the refraction only, but he has published 
an elaborate series of papers upon its application to the deter- 
mination of the constant of aberration to which it is equally 
well adapted. The effect of the annual aberration is to dis- 
place all stars toward the point to which the motion of the 
earth in its orbit is at any moment directed. The amount of 
the displacement for any star can be expressed in terms of 
the angular distance of the star from this point, and of a cer- 
tain quantity called the constant of aberration. The apparent 
distance of two stars is therefore affected by the aberration in 
much the same way, although not according to the same law, 
as in the case of the refraction, and as the point toward which 
the earth is moving changes constantly ?nd runs through its 
complete cycle of 360° in a year, it follows that the effect of the 
aberration upon the apparent distances of two stars will vary 
from a maximum to a minimum in the period of six months, 
and if the distance between two stars properly chosen, is meas- 
ured at the times when aberration has its maximum and its 
minimum effect, we may obtain from the variation in the dis- 
tance the value of the constant of aberration. 

Let us examine a little more closely some of the theoretical 
considerations involved in a determination of this constant. 
If we put 

g = The constant of aberration. 

L = The longitude of the sun. 

D'=- The true angular distance between any two stars. 
A and ^ = The longitude and latitude of the middle point of 

the arc D, 
dD = The effect of aberration upon the length oi D. 
then we shall have 

dD = — 2^ sin — cos ^ cos (>i — L) 

a formula which will enable us to fix the conditions most fa- 
vorable to a determination of ^. 
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It will obviously be advantageous to make the variations of 
the distance, dD^ as great as possible hence i^ must differ but 
little from o°, /. c, the stars must be so selected that the arc 
joining them will be bisected by the ecliptic. It would also 
seem advantageous to make the distance D nearly equal to 
1 80° but for reasons to be given hereafter it will be best to 
make D as nearly as possible 120°. Owing to the sun's mo- 
tion in longitude the angle / — L varies continuously through- 
out the year, assuming all values from 0° to 360°. If the dis- 
tance between the stars be measured when L = >l — 90° and 
again when L = x+po^, that is, after an interval of six months, 
we shall have from the two observations the two equations : 

Z?, = D — ?.£• sin — cos /5 

D.^ — D-\-2g sin — cos /?, whence 

D-D, 

g^ — 



• D 
4 sin— cos i3 
2 



or if we assume D = 120°, /5 = 0°, then 
g = 0.2887 (A— A) 

It thus appears that whatever error of any kind may be 
committed in measuring D^ — D, will be largely diminished by 
multiplying the observed quantity by a coefficient less than 
0.3. 

It is obvious from the character of the observations to be 
made that the method of M. Loewy is as applicable to this 
case as to the refraction, but with this difference, that in a de- 
termination of the constant of aberration the two observations 
instead of being made within a few hours of each other are 
separated by an interval of several months, and the danger of 
a change in the angle of the prism between the observations 
is thereby greatly increased. To eliminate error from this 
source M. Loewy points out that the aberration has no effect 
upon the distance between two stars which have the same lati- 
tude and whose longitudes differ by 180°, and he recommends 
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that such a pair of stars be measured in connection with a pair 
so situated that the aberration may have its maximum effect. 
By combining the two sets of observation both the aberration 
and the change in the angle of the prism, if one has occurred, 
may be determined. A more radical cure for this source of 
error would seem to be the use of a prism each of whose an- 
gles is, as near as may be, 60°. If the distance of the stars be 
measured with each angle of the prism and the mean of the 
three results taken this must be independent of any change in 
the angles of the prism, since from geometrical considerations 
the mean of the three angles must always be exactly 60°. It 

• 

is even possible to so arrange the prism that a deformation of 
its faces, from planes into surfaces slightly curved, will have no 
systematic effect upon the observations. We thus obtain not 
only a measure of the change of distance of the stars, but also 
a measurement of the absolute distance at the instant of ob- 
servation, a quantity which may be made very useful for other 
purposes. If such a prism is used, the distance between the 
stars must, of course, differ but little from 120° and it is for 
this reason that that distance was suggested above. 

The mechanical problem of supporting a prism in front of the 
objective of a telescope in such a manner as to satisfy all the 
requirements of this method, appears not yet to have been 
solved, and an opportunity is here afforded the amateur as- 
tronomer of mechanical talent, tq make an important contribu- 
tion to the progress of astronomy by devising a mounting 
suitable for this purpose. The principal requirements to be 
satisfied are : The mounting must be light and rigid. The 
prism must rotate freely about the line of sight of the telescope. 
Some provision must be made for recording the position of the 
prism. The prism must be so supported that each of its angles 
can be used. Adjustments must be provided whereby the prism 
can be placed symmetrically in front of the objective. All 
manipulations of the prism should be made from the eye-end 
of the telescope. Suggestions as ro the way in which ihesc 
conditions may be realized mechanically will be very gladly 
received by the author of this article. 
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EDITORIAL NOTES. 



The subscription price of the MESSENGER for 1888 will be 
$2 per year as usual, if paid in advance ; if later, $2.50. The 
price is so low, in view of the kind and the amount of matter 
published, that prepayment is an important condition. 



Foreign subscribers, and such only, are requested to draw 
money orders for payment of subscription on the post office of 
St. Paul, Minnesota. Collection on any other money order 
office causes delay and expense. 



y. A. Bras hear s Work-Shop. — Rarely in our lives have we 
spent a more enjoyable, or a more profitable, day than that 
given to a visit at the shops of Mr. J. A. Brashear, on Obser- 
vatory Hill, in Allegheny City, Pa. The commodious rooms 
of the new shop, already well filled with fine machinery for the 
work of mounting telescopes, the apparatus for grinding and 
polishing plane and curved surfaces, and the arrangements, 
now in use, for testing finished surfaces are surprisingly com- 
plete, and they are another evidence of Mr. Brashear's purpose 
to do only the best work possible of any kind entrusted to him. 
We did not before know of his ingenious plans (now well un- 
der way) for casting and annealing optical glass. Is there any 
good reason why Americans should not lead in this industry 
also ? 

But to a novice in the practical part of the study of optical 
surfaces, the most enjoyable things we saw were the tests he 
made of plane surfaces on glass and mirrors for reflecting tele- 
scopes. The fact that the heat of a person's hand, a few inches 
from a mirror, should, in one minute, so disturb its figure as to 
make it useless for an hour, and the observer actually see the 
distortion of the mirror and the heated air curling about the 
hand, in the face of the mirror, like smoke in a clear sky, was 
an astonishing sight. It taught a lesson on the delicacy of 
telescope mirrors not before known. We shall, at another 
time, speak of other things seen at this place which deserve 
also special mention. 



EDITORIAL NOTES. jig^ 

Carleton College Observatory, — As elsewhere stated, the new 
Repsold Meridian Circle is now in place, and Dr. H. C. Wilson 
is busy determining the errors of the instrument prepara- 
tory to regular observing work. As fast as results having 
public interest are determined they will be published in subse- 
quent numbers of this journal. 

The 8^-inch Clark equatorial was dismounted in August 
last and removed to the new observatory. The lenses and 
telescope tube were sent to the Clarks for the purpose of fitting 
to the telescope a new correcting lens for photography. This 
work will soon be completed, and it is expected that the tele- 
scope will be in the new dome ready for use about the middle 
of the present month. 

Messrs. Warner & Swasey, of Cleveland, O., have already 
put in place, at the new observatory, one of the fine domes 
which they have contracted to make. It is \^ feet in diameter, 
and is constructed wholly of steel. Its weight, including the 
iron truck, is 5,500 lbs., and its operation so easy that no me- 
chanical appliance is needed to rotate it, for a child six years 
old moves it easily. The other large dome is well under way, 
but will not be ready for its place until early spring. 

Miss Mary E. Byrd, assistant in mathematics and astronomy 
at Carleton College Observatory for the last four years, has 
been elected director of the new observatory at Smith College, 
Northampton, Mass. Miss Byrd*s long experience as instructor 
in collegiate and preparatory schools, and her special studies 
in the higher mathematics and practical astronomy with in- 
struments, fit her for the new and wider field of labor to 
which she has been recently called. Many readers of the 
Messenger know also of the value of her articles and will 
doubtless be favored by more of them. She is now busy at 
the new observatory of Smith College, putting instruments in 
order for regular work. 

Flamsteed's Stars ** Observed but not Exi stingy — Bailey's 
account of Flamsteed gives a list of stars under the above title, 
with the statement, that "the observations appear to be accu- 
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rately recorded, but which still can not now be found in the 
heavens." From this fact it was common, subsequently, for 
astronomers to publish lists of *' missing stars," probably from 
want of agreement of observations. By the more careful work 
of Bode, Caroline Herschel, Argelander and Bailey these long 
lists of missing stars were reduced to 22 which had not been 
accounted for. 

In a late memoir for the American National Academy of 
Sciences, Dr. C. H. F. Peters gives a full and careful explana- 
tion of the observations of these 22 stars, and satisfactorily ac- 
counts for nearly every one of them. This, of course, refuted 
the erroneous belief that these stars had been actually ex- 
tinguished. Dr. Peters suggests, very properly, that a new re- 
duction of P^lamsteed's observations is most desirable. 

Elements of Comet Barnard (May 12, i88y) from three ftor- 
ma! places. — The first normal place was computed from obser- 
vations as follows : 





Datt 


1 


Place. 


Local Time. 
h m s 


Observed a', 
h in s 


Observed ^. 

' n 


I. 


June 


12. 


Greenwich 


12 4 25 


16 II 2.35 


— 8 42 17.1 





I k 


13. 


Dresden 


II 14 45 


16 13 6.88 


— 8 00 49.1 




J- 


i( 


13- 


T,eipzig 


12 7 17 


16 13 12.74 


— 7 58 42.3 


4- 


( k 


13- 


Harvard 


16 41 58 


16 13 41.93 


— 7 48 48.8 




( ( 


14. 


Leipzig 


II 54 39 


16 15 26.04 


- 7 14 58.7 


6. 


(( 


14. 


Harvard 


14 41 53 


16 15 45-32 


7 8 9.2 



The two Harvard Local Times are given in Greenwich Mean 
Time. From elements communicated by H. Oppenheim in 
A. N. No. 2791, an ephemeris was computed for dates compris- 
ing the observations, to Greenwich 12// M. T. There results : 

The first normal place, — June 13.5; a— \6h \2,m \6.62s ± 
oaSs; 0= —f 57' 10.4" ±3.5". 

From observations, 

7. June 17. Hamburg 



8 

9 
10 

1 1 

12 

i^ 









17. Leipzig 

18. Leipzig 

19. Leipzig 
19. Greenwich 
19. Greenwich 
19. Hambuig 



II 


25 


4 


16 22 8.16 


-5 6 


1.5 


12 


I 


8 


16 22 11.57 


5 5 


34.2 


12 


23 


5 


16 24 29.22 


4 23 


14.1 


II 


43 


8 


16 26 40.70 


3 44 


3.4 


II 


19 


58 


16 26 4/1.10 


3 43 


11.8 


I I 


26 


47 


16 26 43.83 


3 42 


50.3 


12 


12 


2 


16 26 43.92 


— 3 42 


48.8 
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The second normal place, — June 18.5; a = i6h 2/\.in 31.91J ± 
o.ils ; o — — 4° 22' 9.5" ± 2.1". 
From observations, 

14. June 22. Leipzig 11 22 58 16 33 26.36 — i 49 8.3 

15. " 22. Leipzig 12 2 o 16 33 29.88 — I 48 5.2 

16. " 22. Gottingen 11 56 41 16 33 30.76 — i 48 0.3 

The third normal place, — June 23.5 ; a = 16/1 35W 51.3OJ ± 
o.ogs ; o = — 1° 10' 12.7" ± ia". 

These places containing the perihelion passage give the ele- 
ments of orbit, 

T June 16.868927 



O ^^f ^ , // 



OJ IS 20 9.1" i 

V^ 245 II 18.9 ■ 1887.0 

17 32 29.4 ^ 

log ^7 0.144398 

A comparison with elements previously published indicate 
these elements as favorable in a definitive determination of the 
orbit. FRANK H. BIGELOW. 

Racine College, Sept. 20, 1887. 

[We are sorry that Professor Bigelow's paper came just a 
little too late for our last issue. — Ed]. 



Lake Forest University is now planning for a large astro- 
nomical observatory of its own. The trustees of that institu- 
tion had some conference with the Chicago Astronomical So- 
ciety concerning the removal of the instruments of Dearborn 
Observatory to Lake Forest. The latest report at hand is, 
that the Chicago Astronomical Society have decided to re- 
locate Dearborn Observatory at Evanston, III., in considera- 
tion of the offer of the Northwestern University located at 
that place. It is also reported that Governor Ross, who is 
president of the Tribune Company, Chicago, and president of 
the Board of Trust of Lake Forest University, is the financial 
backing of its new observatory. 



Bright Meteor. — Saturday evening, Sept. 21, at eight min- 
utes past nine o'clock, I saw a fine meteor at Madison, N. J., 
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shooting down from a point well up in eastern sky toward the 
northeastern horizon. Its color was of a delicate bluish tinge, 
leaving behind it sparks of a deep red hue. Its apparent size 
was greater and its light many times brighter than that of 
Venus. It left no train behind it, at least none visible to the 
naked eye. Its motion was swift, and the portion of its course 
which I saw was from near Beta Andrdmedae, past Beta Persei 
(Algol), ending two or three degrees below a latter star, being 
a distance of about twenty-five degrees. JOHN H. EADIE. 



Iowa College Observatory, — This growing college, located at 
Grinnell, Iowa, is building a new astronomical observatory 
and pushing it to completion rapidly. The building will be 
ready probably during the present month, for the 8-inch equa- 
torial from the shops of the Clarks. Mr. Grinnell, the founder 
of the town, is furnishing the necessary funds. 



Double Meteor. — We regret that Mr. Barnard's note of a 
double meteor came too late for June, and was inadvertently 
omitted from the last MESSENGER. It was seen May 12 at 8A 
<^Jfn while he was observing with a low power on the 6-inch 
equatorial ; it appeared double, moved slowly across the field, 
filling one degree. The components were about 8 magnitude, 
and distant one minute of arc and were moving eastward, the 
line joining them extending north and south. There was no 
change in brightness or relative position while crossing the 
field. The telescope pointing was 

R. A. = \2h 20m 
Decl. = — 19° 

This is the first double meteor which Mr. Barnard has seen in 
the telescope. 

Eclipse Expedition to Japan. — The letters by Mrs. Todd, 
member of the eclipse expedition to Japan, to The Nation 
(Sept. I and 22) from Shirakawa, Japan, concerning the prep- 
arations of the party to observe the total eclipse of Aug. 19, 
are profitable reading, although scarcely anything worthy of 
record was accomplished on account of unfavorable weather. 
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The Forum for September has two important articles on as- 
tronomical themes. "Great Telescopes" is the title of one 
by Professor C. A. Young, in which he gives a historical sketch 
of the growth of great telescopes, reflecting and refracting, 
both in America and in foreign lands. He also compares the 
merits of large and small telescopes, rather to the disadvan- 
tage of the larger both on account of their cost and dispro- 
portionate advantage in the various lines of astronomical work. 
The second article is by Professor Alexander Winchell, of 
Michigan University, on ** Ignatius Donnelly's Comet." Pro- 
fessor Winchell evidently is not a convert to the new theory of 
earth's drift formation, nor does he like the scientific imagina- 
tion of the writer of "Ragnarok" better than astronomers do 
those terrible comet collisions in earth's primordial times. 



Corrections to Catalogue No. 6 of New Nebula discovered at 
the Warner Observatory. — In ihe list of errata to this, cata- 
logue in the Astronomische Nachrichtefi^ No. 2798-99, Dr. Swift 
notes that Nos. 2 and 7 are identical with Nos. 277 and 303 in 
the Leander McCormick Observatory list, previously published 
in the Astronomical Journal, No. 152. It should be added 
that Nos. I and 18 are identical with Nos. 276 and 397 of the 
last named list. 

No. 12 was discovered by Tempel. The place and descrip- 
tion are given by him in the Astronomische Nachrichten^ No. 
2212. 

No. 22 is probably identical with No. 5348 of Dreyer's Sup- 
plement to the General Catalogue. The difference in right 
ascension is 2.0m and in declination 2.6', but the descriptions 
agree in stating that G. C. 961; is in the field. 

This opportunity is taken of noting a correction to No. 98 
of the Leander McCormick list in the Astronomical Journal^ 
No. 146. Prof. Barnard kindly calls attention to the fact that 
he had published the place of this nebula some time previously 
in the Astronomische Nachrichten, No. 2588. 

Leander McCormick Obs'y, Oct. 13, 1887. FRANK MULLER. 
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Dearborn Observatorjf. — The latest news at hand concerning 
the Dearborn Observatory, is that the Chicago Astronomical 
Society is under orders to move from the present site to the 
Northwestern University at Evanston, 111., a few miles only 
from Chicago. 

As far as known the arrangement is that the University shall 
erect suitable buildings for the instruments of the Society and 
complete the outfit of minor instruments, so that the observa- 
tory at its new site shall be fully equipped for general astro- 
nomical work. The Chicago Astronomical Society, we believe, 
is still to own its astronomical instruments. This is certainly 
a grand opportunity for the University, and it will doubtless 
be well improved under the continued directorship of Profes- 
sor Hough. 

Ajui Arbor Observatory is to lose Mr. J. M. Schaeberle, 
widely and favorably known in connection with Detroit Ob- 
servatory under Director M. W. Harrington. 

In July last President Holden offered Mr. Schaeberle the po- 
sition of Astronomer at the Lick Observatory. Mr. Schaeberle 
has accepted the position. It appears, however, that the 
Regents of the State University of California will not take 
official action in the matter until the observatory is turned 
over to the State. In the mean time Mr. Schaeberle expects 
to remain at Ann Arbor. The observatory will feel his loss. 

Morrison Observatory. — Publication No. i of the Morrison 
Observatory of Glasgow, Mo., has been received. It contains 
a description of the observatory and instruments. The equa- 
torial telescope has a clear aperture of 12/4 inches and the 
Meridian Circle telescope an object-glass of 6 inches aperture. 
The work of the observatory shown consists of measures of 
double stars, observations of the Transit of Mercury May 5-6, 
1878, occultations, measures of the diameter of Mars, obser- 
vations of the Red Spot on Jupiter, observations of Saturn, 
Uranus, comets and the new star in the nebula of Andromeda. 
The volume is a valuable one for the astronomical library. 
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Dearborn Observatory. — By the kindness of a friend and 
mennber of the Chicago Astronomical Society, a neat bound 
volume of the annual reports of the Board of Directors of the 
Chicago Astronomical Society, together with the report of the 
Director of the Dearborn Observatory for the years 1885 and 
1886, was sent us promptly. As heretofore. Professor Hough 
has used the large equatorial on a few special subjects, viz.: 
difficult double stars, the planet Jupiter, and miscellaneous ob- 
servations. Of Jupiter, Professor Hough says : 

As in former years, the object of general interest is the great 
red spot. 

The outline, shape and size of this remarkable object has re- 
mained without material change from the year 1879, when it 
was first observed here, until the present time. According to 
our observations, during the whole of this period it has shown 
a sharp and well-defined outline, and at no time has it coal- 
esced or been joined to any belt in its proximity, as has been 
alleged by some observers. 

During the year 1885, the middle of the spot was very much 
paler in color than the margins, causing it to appear as an el- 
liptical ring. The ring-form has continued up to the present 
time. While the outline of the spot has remained very con- 
stant, the color has changed materially from year to year. 
During the past three years it has at times been very faint, 
so as barely to be visible. 

The persistence of this object for so many years leads me to 
infer that the formerly-accepted theory, that the phenomena 
seen on the surface of the planet are atmospheric, is no longer 
tenable. The statement so often made in text-books, that in 
the course of a few days or months the whole aspect of the 
planet may be changed, is obviously erroneous. 

The rotation period of Jupiter from the red spot has not 
materially changed during the past three years. The "mean" 
period, 1884-5, was 9// 55 ;« 40.4^. Marth's ephemeris for the 
present year is based on a period of 9/^ 55 w 40.6^. The mean 
correction to this ephemeris is now (May 1887) only about 
minus 7 minutes, indicating a slightly less value. 

A number of equatorial white spots were systematically ob- 
served in 1886; but, owing probably to the low altitude of the 
planet, they have not been so conspicuous during the present 
opposition. 

The oval white spots on the southern hemisphere of the 
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planet, 9" south of the equator, have been systematically ob- 
served at every opposition during the past eight years. They 
are generally found in groups of three or more, but are rather 
difficult to observe. The rotation period deduced from them 
is nearly the same as from the great red spot. 

These spots usually have a slow drift in longitude of about 
0.5° daily in the direction of the planet's rotation, when re- 
ferred to the great red spot ; corresponding to a rotation 
period of 20 seconds less than the latter. 

Under the appendix is found articles entitled, Motion of the 

Lunar Apsides by Professor Colbert, Catalogue of 209 New 

Double Stars, Nebulae found at Dearborn Observatory, 1866-8, 

Description of the Printing Chronograph, and Observations of 

the Companion to Sirius. 

Washburn Observatory, with Professor Asaph Hall as Con- 
sulting Director, and Professor George C. Comstock as Asso- 
ciate Director, confessedly is getting the cream of American 
astronomy for the daily sustenance of its scientific manage- 
ment. Western men can but be delighted at the willing ap- 
proach of these eastern lights of the science. ^Congratulations 
to Washburn are certainly in order. 



Mr. E. E. Barnard, well known observer formerly at Nash- 
ville, Tenn., has been appointed to the position of Astronomer 
at Lick Observatory, Mt. Hamilton, California. This is an- 
other wise choice on the part of Professor Holden. Mr. Bar- 
nard is a young man of proved ability who has gained his skill 
as an observer and his knowledge of astronomy by the dint of 
hard work and this appointment is a just recognition of his 
ability. 

Charles H. Rockwell, of Tarry town, N. Y., has in hand an 
intensely interesting astronomical problem for thought and 
observation. Astronomers becoming aware of the accuracy 
of the Almucantar for latitude determinations have asked Mr. 
Rockwell to use his fine instrument to observe the moon when 
in apogee and in perigee to see if any systematic difference 
could be noticed in the latitude results while in these different 
positions. Mr. Rockwell proposes to continue these observa- 
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tions for two years, that he may have ample data for the dis- 
cussion of the problem. This work will be followed with no 
common interest. 

General Bibliography of Astronomy. — In June, 1887, Pro- 
fessors J. C. Houzeau and A. Lancaster, of Brussels, Belgium, 
published the first volume of their great work entitled ** Bib- 
liogfaphie G^n^rale de L'Astronomie." In 1882 the same au- 
thors published a collection of memoirs, which together make 
volume II in a series under the above title. The themes of the 
memoirs of the volume of 1882 are : The History and Study 
of Astronomy; Astronomical Biographies, Spherical Astron- 
omy; Theoretical Astronomy ; Celestial Mechanics ; Physical 
Astronomy, Practical Astronomy ; Monographs on the princi- 
pal members of the Solar System and Stellar Astronomy. In 
volume II there is much of interest both for the amateur and 
for the practical astronomer. Fuller reference to this impor- 
tant work will be given in the future. 



Elements and Ephemeris of the Olbers Comet, — Normal 
places were formed on the dates, August 28, 31, September 
6, 15, 18, 23, by means of Ginzel's elements and the perihelion 
time given in Sidereal Messenger, No. 57-58 and through 
the differential coefficients corrections were obtained to these 
elements as follows : 

J TT = + 5' 55.8" 
J Q = — I 29.7 

A i z= + I 19.6 
JT= + 0.045223^^ 
A g = — 0.0021360 
J e = — 0.0006647 
giving as the new elements, 

T= 1887, Oct. 8.549199 Gr. M. T. 

io =65° 24' 41.6" 

Q =84 29 54.5 }• 1887.0 

^* = 44 34 53.9 
log g = 0.078619 

log e = 9.968420 



J^S 
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From these elements the following ephemeris results, 
Ephemeris for Greenwich midnight (1887.0). 

A. R. Dec. Ig. r Ig. J L 



Oct. 24 


13 


15 


23 


28 




31 


54 


Nov. 1 


13 


47 


45 


5 


14 


2 


57 


9 




17 


29 


IS 




31 


24 


17 




44 


42 


21 


14 


57 


25 


25 


15 


9 


35 


29 




21 


15 


Dec. 3 




32 


25 


< 




43 




11 


15 


5:^ 


2:^ 


15 


Itt 


3 


13 


19 


16 


12 


40 



+ 20 


42.8 


19 


13.ti 


17 


43.0 


IH 


12.2 


14 


42.1 


13 


13.5 


11 


47.2 


10 


2:^.6 


9 


3.1 


I 


46.0 


6 


32.6 


5 


22.8 


4 


16.8 


3 


14.5 


^r 2 


15.9 



0.0872 
0.0919 
0.0975 
0.1039 
0.1110 
0.1188 
0.1270 
0.135H 
0.1449 
0.1543 
0.1639 
0.1737 
0.1836 
0.1936 
0.2036 



0.2810 
0.2850 
0.2897 
0.2949 
(1.3006 
0.3066 
0.3128 
0.3192 
0.3257 
0.3321 
0.3385 
0.3447 
0.3506 
0.3564 
0.3618 



1.50 



l.:38 



1.24 



1.08 



0.94 



0.82 



0.70 



0.61 



Unit of light, Aug. 27, 1887. 



Dudley Observatory, Oct. 19, 1887. 



H. V. EGBERT. 



The Orbit of - 1757^ ^y J. E. Gore, as reprint from the 
** Monthly Notices," is on our table. The elements given in 
the Monthly Notices of November, 1886, failed to satisfy re- 
cent observations, hence the new determination, as follows: 

P = 276.92 years Q = 87° 36' 

T=: 1791.98 A. D. A = 185° 23' 

6- = 0.4498 a = 2.05" 



r 



= 40° 56' 



fl ^ + 1.30^ 



Nezv Minor Planet (269) was discovered by Palisa at Vienna 

Sept. 21, having position, Sept. 21.5201 G. M. T., 

a = 23/^ \^m 55.7.? 

0' = — 7° 15' 25" Twelfth magnitude. 

New Minor Planet (270) was discovered by Peters. Oct. 

8.5534 G. M. T., its position was, 

a = ill 17m 2iS 

= + 12° 26' Twelfth magnitude. 

New Minor Planet (271) (}) was discovered by Knorre, with 

position, Oct. 16.5218, 

a = \h 12m 32.8.y 

.) = + 12° 1' 32" Eleventh magnitude. 

The last two are probably the same asteroid. 



XTbe Sibereal /ftessenger, 

CONDUCTED BY WM. W. PAYNE. 

Director of Carleton College ObserTatory, Northfielcl, Minnesota. 

Vol. 6, No. 10. DECEMBER, 1887. Whole No. 60. 



ON THE REPRESENTATION OF COMETS' ORBITS BY MODELS. 



Wm. harkness. 



When a comet is discovered the first question asked about 
it is " What are its elements," and yet to the vast majority 
of amateurs these elements are almost unintelligible, and 
even to adepts they often convey but a vague idea of the 
true form and position of the orbit. The best way to realize 
their exact import is by making a model ; and by showing 
how easily that can be done, it is hoped a fruitful source of 
instruction and amusement will be brought within reach of 
every one interested in the subject. 

The orbits of all heavenly bodies are conic sections whose 
size, form, and position in space are defined by six quantities 
called elements, which, for brevity, are usually designated by 
the following symbols : 
T = instant of the body's perihelion passage. 
n = longitude of the perihelion ; in the case of a comet, 
measured along the ecliptic from the vernal equinox 
to the comet's ascending node, and thence along the 
comet's orbit to its perihelion; in the case of the 
earth, measured along the ecliptic from the vernal 
equinox to the perihelion. 
Q, = longitude of the ascending node ; measured on the 
ecliptic, from the vernal equinox to the ascending 
node of the orbit. 
/ = inclination of the plane of the orbit to the plane of 
the ecliptic. 
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e = eccentricity of the orbit, sometimes given in parts of 
radius, sometimes in seconds of arc, and sometimes 
as an angle, (p. Parts of radius are most conven- 
ient for our purpose, and seconds of arc may be 
reduced to that unit by dividing them by 206,265". 
When cp is given, e = sin ^. 

g = perihelion distance of the bod\'; expressed in terms 
of the mean radius of the earth's orbit as unity. 

For a parabolic orbit e is unity, and in that case the ele- 
ments are frequently given by stating T, (w, Q , j, 
and log q. Here tt has been replaced by 

G0=7r— Q, (1) 

which is counted in ths comet's orbit, backward, from the 
perihelion to the ascending node; and the perihelion will lie 
on the northern or southern side of the ecliptic according as 
GO is less or greater than 180°. 

As TV and Q, are counted from the vernal equinox, and i is 
measured from the plane of the ecliptic, these quantities nec- 
essarily refer to a particular equinox which is always specified. 

It was long customary to measure longitudes in comet's 
orbits in the direction of the earth's motion, to limit /to the 
first quadrant, and to specify the direction of the comet's 
motion, whether direct or retrograde; but most astronomers 
now prefer to follow Gauss in regarding retrograde motion 
as a result of the inclination passing into the second quad- 
rant, and in accordance with that view they measure a 
comet's longitude always in the direction of its own motion, 
and permit i to take any value between 0° and 180°. The 
circumstance that i is measured at the ascending node limits 
its range to the first and second quadrants, for if it were to 
pass into the third or fourth quadrant the ascending node 
would be converted into a desending one. For a comet hav- 
ing direct motion the numerical values of the elements are 
the same in the old system as in Gauss' system, but for a 
comet having retrograde motion they are different, and in 
that case, if their values according to the old system are 



COMETS' ORBITS BY MODELS, 331 

designated by a subscript 0, the equation requisite for pass- 
ing from the old to the Gaussian system are 

I = 180° — y, GJ = 360° —oo^ = —Go^ 

There is frequently much confusion respecting the angles tt 
and GO, and as no model can be constructed without using the 
latter, it is important to have a clear understanding of its 
relations to tt and' S^. In the old system of elements tt is 
measured from the vernal equinox, along the ecliptic in the 
direction, of the earth's motion, to the ascending node of the 
comet, and thence along the comet's orbit, still in the direc- 
tion of the earth's motion, to the comet's perihelion. In 
Gauss' system n is measured from the vernal equinox, along 
the ecliptic in the direction of the earth's motion, to the as- 
cending node of the comet, and thence along the comet'^ or- 
bit, in the direction of the comefs motion, to the comet's 
perihelion. These definitions may perhaps be elucidated by 
the following statement : Imagine a perpendicular to the 
plane of the ecliptic, erected from the sun. Then to an ob- 
server situated north of the ecliptic in that perpendicular, the 
motion of the earth will be counter-clockwise, and longitudes 
in the earth's orbit will increase in that directi^/U. Now con- 
sider a comet's orbit, imagine a perpendicular affixed to it in 
such a way that when the inclination of the orbit to the 
plane of the ecliptic is / the inclination of the perpendicular 
shall be (/+ 90°), and suppose an observer so situated in 
the perpendicular that when / = 0° he shall be north of the 
ecliptic. Then, according to the old system of elements, for 
all possible values of /the observer will remain north of the 
ecliptic, and the motion of the comet will appear to him as 
counter-clockwise when direct, and clockwise when retro- 
grade ; but according to Gauss' system of elements, he will 
be north of the ecliptic when i is less than 90°, south of it 
when lis greater than 90°, and to him the apparent direc- 
tion of the comet's motion will always be counter-clockwise. 
Whichever system is adopted, from his point of view n will 
always increase counter-clockwise, and to find the intersec- 
tion of the plane of the comet's orbit with the plane of the 
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ecliptic, or in other words, the line of nodes, he must set off 
G? clockwise from the perihelion of the orbit. 

In constructing a model of a comet's orbit two distinct 
processes are involved, namely: 1st, the drawing of the 
curves destined to represent the orbits of the earth and 
comet, and the marking upon them of the line of nodes, 
direction of motion of the bodies, etc., as they would be 
seen by an observer perched upon the imaginary perpendicu- 
lar described in the preceding paragraph ; and 2d, the putting 
of these curves together. 

In general, the curves must be drawn from their equations, 
the constants of the latter being expressed in terms of the 
elements. For a parabola 

f = 2px (2) 

and as the distance from the vertex of the curve to the focus 
is \p, for a parabolic orbit ^p = g, and therefore 

f = 4^qx (3) 

The easiest way of constructing this curve is by drawing it 
through a series of points laid down by means of their co- 
ordinates computed from equation (3). 

For an ellipse 

J = fv(A'-^) (4) 

in which the values of the semi-major and semi-minor axes 
are respectively 

B = A^{l—e') (6) 

The lengths of the axes having been computed and plotted, 
the foci can be found by construction, and then the curve 
can be very readily drawn by a pencil moving in the bight of 
a thread whose two extremities are attached to pins stuck 
into the foci. 

For an ellipse of small eccentricity, a circle of radius 
i{A + B) may often be substituted, and then the distance 
from the centre of the circle to the focus will be \{A-\-B)e, 
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For the earth'fe orbit, at any time T, we may take 

Tt = 100° 21' 2V\5 + er'.TO (T— ISSO.O) (7) 

e = 0.0167711 — 0.000000424 (T— 1850.0) (8) 

whence, for the epoch 1887.0, e= 0.01676, and by putting A 
equal to unity, formula (6) gives 

B = 1V(1 — 0.0002809) = 0.999860- 

' The diflFerence between A and B is far too small to be sen- 
sible upon any scale likely to be adopted for a model, and the 
earth's orbit may therefore be represented by a circle, in 
which the sun's distance from the center is e multiplied by 
the radius. For most models the diameter of this circle may 
conveniently be from two to six inches, and its circumference 
may be graduated to shov/ the position of the earth at in- 
tervals of 5, 10, or 15 days. The circle having been cut out 
of stiflF cardboard, one of its surfaces should be marked 
'•North Side," and the other ** South Side." When the 
former side is viewed the direction of the earth's motion is 
counter-clockwise; when the latter, clockwise. For effecting 
the graduation to show the position of the earth, Table I 
will be convenient. 

The position of the comet in its orbit is defined by its true 
anomaly, which is the angle at the sun included between the 
comet and its perihelion. If for any comet we put 

m == mean daily motion ; 
M = mean anomaly at the time t ; 
E == eccentric anomaly at the time t; 
y = true anomaly at the time t; 
then, in a parabolic orbit 

_ 188171" 
m ^- (9) 

and the mean and true anomolies are connected by the equa- 
tion 

m(t — T) = Af = 75 tan \y + 25 tan' \v (10) 

where (t — T) mu«t be expressed in mean solar days. The 
labor of solving this equation is avoided by the use of 
Barker's table, some form of which is given in almost every 
treatise of the computation of orbits. 
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TABLE I.—LONGITUDE OF THE EARTH IN ITS ORBIT AT 
GREENWICH MEAN NOON. 

Note.— This table is for the year 1886, being the second after blsRextile; but for the 
purpose of model making, it will suffice for any year in the latter half of the ninet^nth 
century. 



Date. 


Longitude. 


Date. 


Longitude. 


Date. 


Longitude. 




o 


t 




o 


t 




o / 


January 1 


101 


04 


May 1 


221 


01 


September 1 


338 56 


11 


111 


16 


11 


230 


41 


11 


348 39 


21 


121 


26 


21 


240 


19 


21 


358 2& 


February 1 


132 


37 


June 1 


250 


52 


October 1 


8 14 


11 


142 


45 


11 


260 


26 


11 


IS 0» 


21 


152 


50 


21 


269 


58 


*• 21 


28 02^ 


March 1 


160 


52 


.July 1 


279 


31 


November 1 


39 01 


11 


170 


52 


11 


289 


03 


11 


49 04 


21 


ISO 


49 


21 


298 


35 


21 


59 0» 


April I 


191 


41 


August 1 


309 


06 


December 1 


69 17 


11 


201 


31 


11 


318 


42 


11 


79 26 


21 


211 


17 


21 


328 


19 


21 


89 37 



For an elliptic orbit whose semi-major axis is A 

3548'^2 



tn = 



4 



Periodic time in days = = 365.26 A^ 

tn 



(11) 



(12) 



and the mean eccentric, and true anomalies are connected by 
the equations 

m {t— T)=M= B—e sin E (13) 



taniv = v(^^]taniJS 



(14) 



Number (13) is the celebrated Kepler's equation. Owing^ 
to its transcendental form it cannot be solved directl}', and 
notwithstanding all the labor and ingenuity which have 
been expended in attempts to discover an easier mode of 
solution, that by trial and error is still in general use. 

Having now given all the definitions and formulae neces- 
sary in constructing figures of the orbits of heavenly bodies^ 
we have next to explain how these figures must be united in 
order that their mutual relations may be the same as those 
of the orbits they represent. To make that part of our sub- 
ject perfectly clear we will describe in detail the construction 
of several models belonging respectively to different classes, 
of comet orbits. 
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Example I. — Let it be required to construct a model of the 
orbit of the comet, 1840, III, from the following parabolic 
.. elements : 

T = 1840, April 2^ 12^, Greenwich Mean Time. 
GO = 138° 16' i = 79° 51' 

Q = 186 04 q = 0.7420 

Motion direct. 

In these elements the mean distance between the earth and 
the sun is taken as unitv. In our model let us make that 
distance two inches. Then, to represent the earth's orbit we 
draw a circle of 2 inches radius upon a piece of cardboard 
about 0.029 of an inch thick. The distance of the sun's 
place from the center of this circle is equal to the radius of 
the circle multiplied by the value of e found from equation 
(8), namely, 

2 X 0.017 = 0.034 of an inch, 

and for the longitude of the perihelion, equation (7) gives 
100° 11'. Accordingly, we draw the diameter AB, Figure 1^ 
through the circle to represent the line of apsides ; mark the 
point S upon it, at a distance of 0.034 of an inch from the 
center C, to represent the sun's place; and draw through S 
the line of equinoxes, DE, making an angle of 100° 11' with 
the line of apsides. The north side of the orbit being upper- 
most, the angle of 100° 11' must be laid off clockwise (in 
the direction of the motion of the hands of a clock) from A,. 
the perihelion end of the line of apsides; and the number 
100° 11' being affixed to the perihelion end of the line of 
apsides, the numbers 0° and 180° must be affixed to the two 
ends of the line of equinoxes in such a way that the num- 
bers may increase counter-clockwise around the circle. 
These numbers represent longitudes in the earth's orbit, and 
the point marked 0° is called the vernal equinox because the 
sun passes through it in the spring. As the longitude of the 
earth is always 180° less than that of the sun, the earth 
does not reach the vernal equinox until about September 21» 
The circumference of the circle may now be graduated to 
show the place of the earth at every fifth day of the year^ 
or less frequently if desired ; but in making this graduation^ 
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the center from which the angles are laid off must be the 
place of the sun, S, and not the center of the circle. Lastly, 
we set off the longitude of the comets Q = 186° 04' counter- 
clockwise from the vernal equinox, and through the sun 
and the point thus found we draw FG, the line of intersec- 
tion of the plane of the comet^s orbit with that of the 
earth. 

The next step is to lay down the curve destined to repre- 
sent the comet's orbit, and for that purpose the coordinates 
of a sufl5cient number of points in the curve are required. 
To compute them we need an expression for the relation be- 
tween y and x, and recalling that the q of our model is the q 
of the elements multiplied by the mean radius of the earth's 
orbit, namely, two inches, we have from equatiofi (3) 

y = 4 (2 X 0.742) X = 5.936JS: (15) 

Then, having written down the values of x given in Table 
II, we find from (15) that when x = 0.5 the value of j^ is 
2.968 inches, and accordingly, that number is written op- 
posite 0.5 in the table. As the interval between successive 
values of xis 0.5, for x= 1.0,^ = 2.968 + 2.968 — 5.936 ; for 
X = 1.5, j^ = 5.936 + 2.968 = 8.904 inches, and so on ; all 
the values of y^ being formed by successive additions of 
2.968, and the last one being verified by means of formula 
(15), to guard against possible errors of addition. The 
completion of the computation is then most conveniently 
effected by means of a table of square roots, from which the 
required values of j^ can be taken with the values of y^ as 
arguments. Next, upon a piece of cardboard of th^ same 
thickness as that employed for the earth's orbit a straight 
line, H7, Figure 2, is drawn to represent the axis of the 
comet's orbit, and upon that line perpendiculars are 
erected at intervals of half an inch, as shown in the figure. 
Beginning at the left, these perpendiculars are marked 
successively 0.0, 0.5, 1.0, 1.5, etc., to correspond with 
the values of x in Table II ; the ys belonging to these xs 
are set off upon the respective perpendiculars, both up- 
ward and downward, from the line HI; and the desired 
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parabola is drawn with a free hand through the points 
thus laid down. As explained in connection with equa<* 
tion (15), the perihelion distance is 1,484 inches, and the 
place of the sun S', is found by setting off that distance from 
the vertex of the curve upon the line HI. Lastly, with the 
sun as a center the angle go = 138° 16^, is set off clockwise 
from the perihelion, H, and through the sun and the point 
so found the line KL is drawn to define the intersection of 
the plane of the comet's orbit with the plane of the earth's 
orbit. That surface of the cardboard upon which we have 
been working must be marked ** North Side" because it 
represents the northern side of the comet's orbit ; and as 
the comet's motion is direct, it will move counter-clockwise 
along the parabola. A comet with retrograde motion 
would move clockwise. The instant of the comet's perihel- 
ion passage is known, because it is one of the elements of 
the orbit; but if we desire to make the position of the comet 
for any other date, we must compute its true anomaly for 
date and lay it off from the perihelion in the proper direc- 
tion. A general explanation of the method of performing 
the computation has been already given, and it is needless 
to enter into further details here because there are several 
different forms of Barker's table and whatever form the 
reader may possess will be accompanied by all necessary ex- 
planation for its use. 
Having thus laid down the orbits of the earth and comet, 

TABLE II. 



X 


y' 


y 


• X 


y2 


y 




Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 




0.5 


2.968 


± 1.723 


3.5 


20.776 


± 4.558 




1 


5.936 


2.4.37 


4.0 


23.744 


4.S73 




15 


8.904 


2.984 


4.5 


26.712 


5.169 




20 


11.872 


3.446 


5.0 


29.680 


5 448 




2.5 


14.840 


3.852 


5.5 


32.648 


5.714 




3 . 


17.808 


4.220 


6.0 


25.616 


5.968 





they must next be cut from the cardboard with the utmost 
care, the lines of the orbits being followed very exactly ; and 
then, to permit the union of the two discs so obtained, a slit 
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of the same width as the thickness of the cardboard must be 
cut in each of them in the line of intersection of the orbits ; 
that in the earth's orbit extending from the place of the sun, 
S, to F, the longitude of the Q, = 186° 04', and that in the 
comet's orbit extending from the place of the Sun, S' to 
L at longitude ((» + 180°) = 318^ 16'. Before cutting these 
slits the lines SMand S'iV should be drawn (the latter upon 
both sides of the cardboard) from the sun, at right angles to 
the intersection of the planes of the orbits, to serve as guides 
in putting the pieces together; and in cutting, care should 
be taken to hold the knife so that it makes the same angle 
with the cardboard as will* be made by the other orbit when 
the two are united. 

The slits having been cut, each orbit must be slipped into 
the other in such a way that the point F falls upon P, the 
point L near G, and the point »S of the line SM upon S' of the 
line S^N, and then the orbits must be fixed together in that 
position by gumming a narrow strip of paper over the joint 
throughout its whole length. The strip of paper emploj^ed 
ma}' be from one-quarter to three-eighths of an inch wide, 
and in order to make a good job, half its width should be 
gummed and applied to one of the orbits, and then the other 
half should be gummed and applied to the other orbit. The 
most convenient way of effecting this will be 1st, to fold the 
paper lengthwise down its middle, thus reducing it to half its 
width; 2nd, to gum one side of the folded strip, and apply 
that side to one of the orbits before the two are united, tak- 
ing special care that the fold of the paper lies accurately 
along the edge of the slit, and extends beyond it in the same 
straight line sufficiently far to cover the slit in the other 
orbit when the two are united ; 3c1, to gum the other side of 
the folded strip, taking care before doing so to insert a 
piece of waste paper within the fold in order to prevent any 
accidental smearing of the model; and lastly, to put the 
two orbits accurately together as described above, and then 
to unite them by smoothing the gummed paper down upon 
the one to which it has not hitherto been applied. 

In order to complete the model it yet remains to fix the 
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angle between the planes of the two orbits by inserting a 
tri-angular piece of cardboard, S"Af' iST, Figure 3, of the 
same thickness as that used for the orbits themselves. The 
sides S" M^ and S^iNT of this triangle must have respectively 
the same lengths as the lines SM, Figure 1, and S^N, Figure 
2, and the angle included between these sides must be equal 
to 1, the inclination of the plane of the comet's orbit to 
the plane of the ecliptic, which in the present case is 
79° 51'. In the way described above, narrow strips of 
paper folded down the middle must be gummed to the edges 
iS^'AT and S'N'' of the triangle, care being taken that the 
fold of the paper lies accurately along the edges in question ; 
and then after gumming the free sides of the strips, the tri- 
angle must be inserted between the orbits with its angle S'' 
at the place of the sun, and its sides S^'Af' and S^'N^ coincid- 
ing with the lines SM and S'ATon the orbits, and it must be 
fixed in that position by means of the gummed paper. 

Example II. — To illustrate the difference between the t^^o 
systems of stating a comet's elements, let it be required to 
construct a model of the orbit of the comet 1874, YI, from 
the following parabolic elements, which are given both ac- 
cording to the old system and according to Gauss' system : 

Old System, 

T= 1874, Oct. 18cf 23A, Paris Mean Time. 
07 = 343° 43' 1=80° 47' 

Q =281 58 g= 0.5083 

Motion retrograde. 

Gauss^ System, 

T = 1874, Oct. ISd 236, Paris Mean Time. 
GJ= 16° 17' i-=99° 13' 

Q = 281 58 q= 0.5083 

The orbit of the earth having been drawn, and the place of 
the sun together with the line of equinoxes having been 
marked ; the line of nodes, or in other words, the line of in- 
tersection of the planes of the earth's and comet's orbits, 
must be found by setting off the longitude of the comet's 



340 



THE SIDEREAL MESSENGER. 



\ 




COMETS' ORBITS BY MODELS. '341 



Q = 281 ° 58' counter-clockwise from the vernal equinox ; 
the direction of the earth's motion must be marked as 
counter-clockwise; and that side of the cardboard upon 
which the drawing is made must be marked ** North Side " — 
all these operations being performed precisely as in 
Example I. Next the orbit of the comet together with its 
axis must be drawn, the place of the sun must be marked^ 
and the line of nodes must be found by setting off the angle 
GO clockwise from the perihelion. After that the mode of 
procedure will depend upon the system of elements employed. 
If the old system is used the direction of the comet's motion 
must be marked as clockwise, because it is retrograde, and 
the side of the paper upon which the drawing is made must 
be marked ** North Side;" but on the contrary, if Gauss^ 
system of elements is used the direction of the comet's mo- 
tion must be marked as counter-clockwise, and the side 
of the paper upon which the drawing is made must be 
marked ** South-Side." In either case the two disks repre- 
senting the orbits of the earth and comet must be cut out 
and put together in the way described in Example I, care 
being taken that the ** North Sides" of the disks face in the 
same direction, and of course the finished model will be the 
same whichever system of elements may have been em- 
ployed. 

A most instructive experiment can be made as follows : 
Let the old system of elements be used to lay down the orbit 
of the comet, its line of nodes, and the direction of the 
comet's motion, upon one side of a piece of thin paper; and 
then let the paper be turned over, and let the lines drawn 
upon its face be traced upon its back by looking through it. 
As the front of the paper represents the north side of the 
orbit, the back necessarily represents the south side, and the 
lines traced upon the latter will be found to be precisely 
those required by the Gaussian system of elements. Thus it 
will be impressed upon the memory that in the case of a 
comet having retrograde motion the old system of elements 
represents the orbit as seen from the north side of the eclip- 
tic, while the Gaussian system represents it as seen from the 
south side of the ecliptic. 
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Example III. — Let it be required to construct a model of 
the orbit of Encke's comet from the following elliptic ele- 
ments : 

T = 1871, Dec. 28d ISA, Greenwich Mean Time. 

7t =158° 12' 9 = 0.3329 

Q = 334 34 e — 0.84936 

1 = 13 08 Motion direct 

With these elements we form the quantities 

e" = 0.7214 1 — e^ = 0.2786 

1 — e = 0.1506 v(l — e^) = 0.5278 

and then, bj^ means of formulae (5) and (6), we compute the 
semi-major and semi-minor axes, thus : 

_ 0.332 9 __ 2 21 
^"0.1506""^"^^^ 

B = 2.210 X 0.5278 = 1.167 

These results are in terms of the mean distance between 
the earth and sun as unitv, and thev show that if that dis- 
tance is made two inches, the length of the major axis of 
the comet's orbit will be 8.840 inches, which is a convenient 
size for our model, and will therefore be adopted. 

The construction of the circular cardboard disk of two 
inches radius to represent the earth's orbit will be precisely 
as in F'igure 1, except that in accordance with formula (7) 
the angle between the line of apsides and the line of 
equinoxes will be lOO"" 43' instead of lOO"" 11', and the lon- 
gitude of the Q will be 334° 34^^ instead of 186° 04'. 

To construct the disk destined to represent the comet's 
orbit, select a piece of cardboard of suitable thickness and 
upon it draw the straight lines HI and Kh^ Figure 4, inter- 
secting each other at right angles. From their intersection 
O, set off OK and OL, each equal to the semi-minor axis J5, 
whose length is 2 X 1.167 = 2.33 inches. With 2<: as a cen- 
ter and the semi-major axis ^4 = 2 X 2.210 = 4.42 inches as 
a radius, describe an arc cutting HI in R and S', and these 
points will be the foci of the eclipse. Stick a pin in each of 
them. Tie a small loop in a piece of thread ; pass the loop 
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over one of the pins, and take a turn around the other with 
the free end of the thread. The thread will then be fastened 
to the two pins, and will lie upon the paper stretched be- 
tween them. Press the point of a pencil side wise against 
the thread, and by gently slackening the free end of the 
latter, let the turn slip until when the pencil is held perpen- 
dicularly its point just reaches the end of the minor axis at 
K or L, the thread being at the same time quite tight. Then, 
a finger having been placed upon the free end of the thread 
to prevent it from slackening further, the ellipse required to 
represent the comet's orbit may be described by moving the 
pencil sidewise while its point is kept firmly pressed against 
the thread. 

As either of the two foci may be taken to represent the 
place of the sun, let S' be selected, and with it as a center set 
off the angle gd= 7t — Q ^= 283° 38' clockwise from the peri- 
helion, H, and through the sun and the point so found draw 
the line PQ to define the intersection of the plane of the 
comet's orbit with the plane of the earth's orbit. That sur- 
face of the cardboard upon which we have been working 
must be marked ** North Side;" and as the motion of the 
comet is direct, it will move counter-clockwise along the 
ellipse. The orbit thus laid down must next be cut from the 
cardboord ; a slit must be made in it from S' to P; a triangle 
with an angle corresponding to i = 13° 08' must be designed 
in the same way as Figure 3; and finally, all the parts of 
the model must be united precisely as described in connec- 
tion with Example I. 

Example IV. — In dealing with comet orbits it is frequently 
desirable to make a rough model as rapidly as possible, 
merely to obtain a clear idea of what the elements mean. 
For that purpose the scale of the model should be such as to 
give the earth's orbit a radius of about an inch; the paper 
or cardboard employed may be 0.010 of an inch thick ; and 
there will be needed a set of four or five pattern parabolas, 
made of cardboard, vulcanite, or sheet brass, in which the 
distances from the focus to the vertex of the curve are re- 
spectively %,, %, 1, 1%, and perhaps 2, inches. By their aid 
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the disks representing the orbits of the earth and comet can 
be made and put together (without the strips of gummed 
paper) in about ten minutes. As an example of such work 
let it be required to construct a rough model of cotnet f 
1887 (Brooks) from the following parabolic elements : 

T = 1887, Oct. 6.480, Greenwich Mean Time. 
GO = 63° 18' i = 44° 10' 

Q = 84 33 q = 1.2223 

In our previous examples w^e have adopted a definitive di- 
ameter for the earth's orbit and have then constructed the 
parabola required to represent the comet's orbit; but in 
order to save time, we must now adopt one of our pattern 
parabolas to represent the comet's orbit and determine the 
radius of the corresponding circle required to represent the 
earth's orbit. As the perihelion distance of the comet is 
1.222, and we wish the radius of the earth's orbit to be 
about an inch, it is evident that we may use either of the 
two pattern parabolas whose focal distances are respectively 
1 and 1% inches. To find the corresponding radius of the 
earth's orbit, the focal distance of the parabola must be 
divided by q, and thus we obtain from the first parabola 
1-4- 1.222 = 0.818 of aninch, and from thesecond 1.5 -r- 1.222 
=^ 1.227 inches. The latter value seems preferable, and we 
adopt it. Accordingly, the 1% inch pattern parabola is laid 
upon a suitable piece of paper or cardboard, and the comet's 
orbit is drawn by passing a pencil around the pattern ; care 
being trken at the same time to mark the focus and one 
other point in the axis of the curve. The pattern is then re- 
moved ; the axis of the parabola is draw^n through the 
points marked ; the angle (»=:: 63° 18' is set off clockwise from 
the perihelion end of the axis, and the line defining the inter- 
section of the plane of the comet's orbit with the plane of the 
earth's orbit is laid down. Next a circle of 1.23 inches 
radius is described to represent the earth's orbit, and a 
diameter is traced through it to indicate the line of equi- 
noxes ; the slight displacement of the sun from the center of 
the circle being quite negligible. From the vernal equinox 
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the longitude of the Q =84° 33' is set off counter-clockwise, 
and the line of intersection of the plane of the earth's orbit 
with the plane of the comet's orbit is plotted. Finally, the 
two orbits thus laid down are cut from the cardboard ; the 
necessary slits are made along the line of their mutual inter- 
section ; a triangle with i = 44° 10' is prepared ; and the 
three pieces are put together, either with or without the ap- 
plication of strips of gummed paper. It may be well to add 
that the above elements show the comet f 1887 to be 
Olber's comet. 

Summary, — The foregoing rules may be summarized in the 
following form which applies both to the old, and to Gauss' 
system of elements : 

In laying down the earth's orbit — 

A. The longitude of the Q must be set off counter- 

clockwise from the vernal equinox. 

B. The direction of the earth's motion must be marked 

as counter-clockwise. 

C. That side of the paper or cardboard upon which 

the drawing is made must be marked "North 
Side." 
In laying down the comet's orbit— 

A. The angle co must be set off clockwise from the 

comet's perihelion. 

B. The direction of the comet's motion must be 

marked as counter-clockwise; except when the 
motion is retrograde with i less than 90°, and 
then it must be marked as clockwise. 

C. That side of the paper or cardboard upon which 

the drawing is made must be marked ** North 
Side;" except when i is greater than 90°, and 
then it must be marked " South Side." 
Caution, — After the parts of a model have been correctly 
drawn there are several ways in which they may be wrongly 
put together, and sometimes one or other of the slits in the 
disks representing the orbits require to be cut in longitudes 
180° different from those stated in our examples. The fol- 
lowing conditions are imperitive, and must be satisfied by 
every model, namely : 
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1. Those surfaces of the two orbits which are marked 
** North Side" must face in the same direction. 

2. The comet must pass at its ascending node from the 
southern to the northern side of the plane of the earth's 
orbit. 

3. The comet's perihelion must lie on the northern or 
southern side of the plane of the earth's orbit according as 
Gj=: Tt — Q is less or greater than 180°. 

To prevent mistakes, these conditions should be borne in 
mind when cutting the slits, and until a careful inspection 
has shown that they are satisfied, the strips of gummed 
paper should not be applied. 

When i is very small it is difficult to cut the slits in the or- 
bits and insert the cardboard triangle in the way described 
above, and even if that were successfully done, the larger 
orbit would conceal much of the smaller. In such cases it 
is preferable to cut an £Cperture in the larger orbit equal to 
half the diameter of the smaller, and to fasten the two to- 
gether in the proper relative positions by glueing or screw- 
ing them to a wooden wedge placed between them ; thus 
dispensing with the slits, and leaving the entire sweep of 
both orbits visible. 

The elements from which a model is made should always 
be written upon the disk representing the comet's orbit after 
all the parts of the model are completed, and before they are 
permanently fastened together. 

There yet remain two matters which require notice, namely ^ 
the distance to which the disk representing the comet's orbit 
should extend from the sun ; and the method of finding the 
intersection of the plane of the comet's orbit with the orbits 
of planets other than the earth. 

No comet has ever been seen at a distance from the sun so 
great as five times the mean radius of the earth's orbit, and 
they are seldom visible at more than two and a half or three 
times that radius. The latter limit is therefore sufficient for 
a model in all ordinary cases. When a periodic comet de- 
scribes a very elongated ellipse it is both unnecessary and 
inconvenient to draw the entire curve by the method ex- 
plained in connection with Example III, and in such cases it 
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will usually be preferable to lay down the part required by 
tracing it through points whose co-ordinates have been 
computed by means of formula (4). 

In order to show how near a comet may approach to plan- 
ets other than the earth, it is frequently desirable that the 
points at which the orbits of these planets intersect the 
plane of the comet's orbit should be marked upon the disk 
representing the latter. The readiest way of doing this is to 
determine for each planet the line in which the plane of its 
orbit intersects the plane of the comet's orbit, and then to 
mark the point of intersection of the planet's orbit with 
that line by setting off the proper distance from the sun. If 
we put tj for the angle upon the plane of the comet's orbit 
between the intersections of that plane with the planes of 
the earth's orbit and the planet's orbit ; i and i' respectively 
for the inclinations of the planes of the comet's and planet's 
orbits to the plane of the ecliptic, both reckoned from 0° to 
180° in accordance with Gauss' system; and Q and ^^ re- 
spectively for the longitudes of the ascending nodes of the 
comet and planet ; then 

vsin icot i' — cos icos ( ^ — Q') ,^^v 

(sm Q, — Q') ' 

or, by introducing the auxiliary 6, 

tan6^ = tanfcos (S^ — Q') (17) 

. _sin (i— ^) cot (Q — Q') .^^. 

cot TJ = ^^ ^—, — -^ (18) 

sm u 

The results derived from equations (16) and (18) are freed 
from ambiguity by the circumstance that t^ can never be in 
the second or third quadrant, and must therefore be taken in 
the first quadrant when cot tj is positive, and in the fourth 
w^hen cot tf is negative. As tj necessarily lies on the same 
side of the ecliptic as the planet to which it belongs, and is 
positive when north and negative when south of that plane, 
a further check is afforded by remembering that every planet 
is north of the ecliptic from the longitude of its own ^ to 
Q, + 180°, and south of the ecliptic from Q> — 180° to Q . 
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The planetary elf nients which may be required for use in 
equations (16) or (18) are given in Table III. 

TABLE III. -PLANETARY ELEMENTS FOR 1850. 





Planet. 




1 


■^ 


Mercury 
Venus.... 


o 

7 

3 

1 
1 


t // 
00 07.71 

23 sn.oi 

51 02.28 
18 41.37 


o / // 

46 33 08. G 
75 19 53,1 


Mars 

Jupiter.. 




48 23 53 
98 5H 16.9 






< 



Planets having a less perihelion distance than the comet 
intersect the plane of the latter's orbit in two opposite 
points, one of which will in general be north, and the other 
south of the plane of the ecliptic. 

By means of a carefully constructed model having the or- 
bits of the earth and comet graduated to show the positions 
of these bodies at each instant of time, all problems relating 
either to the apparent position of the comet in the heavens, 
or to its position relatively to other bodies of the solar sys- 
tem, can be roughly solved with great rapidity. Hastily 
const^-ucted models of the kind described in Example IV ar^ 
of course less useful, but much valuable information may be 
obtained even from them. Perhaps it is scarcely necessary 
to add that the position of the comet in the heavens for any 
given date is taken from a model by laying a straight wire 
from the earth's place to the comet's place, and then reading 
off the latitude and longitude corresponding to the direction 
of the wire. The latitude is the angle of elevation of the 
wire above or below the plane of the ecliptic ; and the longi- 
tude is the angle at the sun between the vernal equinox and 
a line drawn through the sun parallel to the projection of 
the wire upon the plane of the ecliptic. 

Washington, D. C, October 31, 1887. 



The phenomena of the planets will find place hereafter reg- 
ularlv in each issue of the Messenger. 
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THE PROGRESS OF ASTRONOMY DURING THE NINETEENTH 

CENTURY. 



Looking back to the year 1800, we are astonished at the 
change. The comparatively simple science of the heavenly 
bodies known to our predecessors, almost perfect so far as it 
went, incurious of what lay beyond its grasp, has developed 
into a body of manifold powers and parts, each with its 
separate mode and means of growth, full of strong vitality, 
but animated by a restless and unsatisfied spirit, haunted by 
the sense of problems unsolved, and tormented by conscious 
impotence to sound the immensities it perpetually confronts. 

Knowledge might then be said to be bounded by the solar 
system ; but even the solar svstem presented itself under an 
aspect strangely diflferent from that it now wears. It con- 
sisted of the sun, seven planets, and twice as many satellites, 
all clinging harmoniously in obedience to an universal law, 
by the compensating action of which the indefinite stability 
of their mutual relations was secured. The occasional in- 
cursion of a comet, or the periodical presence of a single such 
v/anderer chained by planetary or solar attraction to pre- 
vent escape to outer space availed nothing to impair the 
symmetry of the majestic spectacle. 

Now, not alone have the ascertained limits of the system 
been widened by a thousand millions of miles, with the addi- 
tion of one more giant planet and six satellites to the ancient 
classes of its members, but a complexity has been given to 
its constitution bafiling description or thought. Two hun- 
dred and seventy circulating planetary bodies bridge the gap 
between Jupiter and Mars, the complete investigation of the 
movements of any one of which would overtask the energies 
of a lifetime. Meteorites, strangers apparently to the funda- 
mental ordering of the solar household, swarm nevertheless, 
by millions in every cranny of its space, returning at regular 
intervals like the comets so singularly associated with them, 
or sweeping across it with hyperbolic velocities, brought 
perhaps from some distant star. And each of these cosmical 
grains of dust has a theory far more complex than that of 
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Jupiter; it bears within it the secret of its origin, and fulfils a 
function in the universe. The sun itself is no longer a semi- 
fabulous, fire-girt globe, but the vast scene of the play of 
forces as yet imperfectly known to us, offering a boundless 
field for the most arduous and inspiring researches. Amongst 
the planets, the widest variety in physical habitudes is seen 
to prevail, and each is recognized as a world apart, inviting 
inquiries which, to be effective, must necessarily be special 
and detailed. Even our own moon threatens to break loose 
from the trammels of calculations, and commits ** errors'* 
which sap the very foundations of the lunar theory, and sug- 
gest the formidable necessity for its revision. Nay, the stead- 
fast earth has forfeited the implicit confidence placed in it as 
a time-keeper, and questions relating to the stability of the 
earth's axis, and the constancy of the earth's rate of rota- 
tion, are amongst those which it behooves the future to an- 
swer. Everywhere there is multiformity and change, stimu- 
lating a curiosity which the rapid development of methods of 
research offers the possibility of at least partially gratifying. 
Outside the solar system, the problems which demand a 
practical solution are all but infinite in number and extent. 
And these have all arisen and crowded upon our thoughts 
within less than a hundred years. For sidereal science be- 
came a recognized branch of astronomy only through Her- 
schePs discovery of the revolutions of double stars in 1802. 
Yet already it may be, and has been called, "the astronomy 
of the future." So rapidly has the development of a keen and 
universal interest attended and stimulated the growth of 
power to investigate this sublime subject. What has been 
done is little — is scarcely a beginning; yet it is much in com- 
parison with the total blank of a century past. And our 
knowledge will, we are easily persuaded, appear in turn the 
merest ignorance to those who come after us. Yet it is not to- 
be despised, since by it we reach up groping fingers to touch 
the hem of the garment of the Most High. 



■ i 



Our next volume will have new dress and new cover. 
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A NEW CATALOGUE OP STARS. 



The principal work of astronomers, past and present, has 
been to determine as accurately as possible, with the means 
which each age has afforded, the position of the stars in the 
heavens. From comparisons made of the observations at 
different ejKJchs is determined what is called the proper mo- 
tion of the fixed stars, and also the movement of onr solar 
system through space. The first observations record roughly 
the stars most prominent to the eye: and from this begin- 
ning of a thousand stars or more, with the invention of as- 
tronomical instruments, the number has been extended into 
the hundreds of thousands. And it is on the positions of 
these catalogue stars that the determination of all bodies in 
the solar system depends. Hence the nicest accuracy has 
been sought for these stars of reference, and redetermina- 
tions are constantly being made tor various investigations. 
The verified positions are published for the use of c«>mputers 
of orbits in various astronomical journals and publications. 

Dr. C. H. F. Peters, director of the Litchfield observatory 
at Hamilton College, is one ot the most persistent and 
painstaking observers of the present centur>-. and his obser- 
vations are universally recognized as of the CTeatest accur- 
acy. His observations, which are in course of preparation 
for publication and which will -fill many volumes, all depend 
on stars of reference, a large number of wnich he has deter- 
mined himself. 

Evidently one ot the most valuable aids an observer can 
have is an accurate catalogue of the reference, or comparison 
stars, with their position at a given period. Such an aid, a 
boon to astronomers, has been in process of preparation for 
several vears at the Litchfield observatorv. Under Dr. 
Peters' direction his able assistant. Professor Charles A. 
Bor?t. has reduced these stars to an epoch and constructed 
them into a catalo^rue. which wTil be an inestimable benefit 
to observers and an enduring monament to his own industry 
and attaiKKients. In the prosecution of his work Professor 
Borst has sr^tthered the stars from the various astronomical 
pubUcativ'»ns for the last half century, and made the compn- 
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tations for the reduction to the epoch of the catalogue from 
the years in which they were observed. This part of his 
work was greatly facilitated by access to Dr. Peters' library^ 
which is said to be the most comprehensive and complete in 
astronomical literature. 

Thus has been constructed a catalogue of 30,000 stars, 
which will be of inestimable utility to astronomers, who ob- 
serve, and a most valuable acquisition to science. Little can 
be guessed by one not familiar with such work, of the honest 
work and painstaking care which this catalogue will repre- 
sent. Thirty thousand stars, each computed to the present 
epoch, and each computation verified with the greatest care 
and accuracy ! The computations fill several thousand folios, 
and have occupied Professor Borst'stime during the past six 
years. The work is now virtually ready for the printer, and 
it is expected that its publication will be achieved thecoming 
winter. — Utica He raid j Nov. 5, 1887. 



PHOTOMETRIC OBSERVATIONS OF ASTEROIDS. 



HENRY M. FARKHURST. 

The yariations in the brightness of the stars, are irregular, 
and affect so large a proportion of the stars, that uniformity 
of standard can only be secured by employing the means of 
large numbers. In the Harvard Photometry, Polaris is as- 
sumed to be invariable, and is made the standard. Analysis 
of more than 2000 observations, which would betray varia- 
bility by causing the other stars to appear to vary simul- 
taneously, proves that there is no change as yet appreciable. 
It is safe to continue to rely upon it, only because it is so 
continuously employed that any change which may occur, 
can be at any time ascertained with precision. 

It is hardly to be expected that a star, in the process of 
combustion, should remain of unchanged brightness. It 
may be either the flickering light of burning gas, or the grad- 
ually waning light of an incandescent body. In the planets, 
shining by reflected light only, we have a standard as invar- 
iable as the illumination of our sun, but sui)ject to certain 
periodic changes, the extent of which may be ascertained. Of 
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the planets, the asteroids are especially useful as standards 
of comparison for telescopic stars. 

My own photometric observations of the asteroids com- 
menced in April last, when there were four grouped together 
in the neighborhood of Regulus, and easily identified upon 
the ecliptic charts, and which could be frequently all observed 
in one series. I have since had no opportunity to compare 
asteroids with each other, but have compared several with 
comparison stars, with the standard of the Harvard Pho- 
tometry. 

In my first reduction 1 assumed invariable brightness, 
when reduced to the distance unity. The correction for il- 
luminated surface, amounting to a few hundredths of a 
magnitude, I soon found to be inappreciable in comparison 
with much greater changes depending upon phase. This 
change I have found to vary, with different asteroids, rang- 
ing irom M .13 for each degree of change in the angle P, the 
angle at the asteroid, to about M .01. My results, needing 
correction after the comparison stars have been better deter- 
mined, have been, M .130, M .116, M .012, M .013, M .007. 

The onlv case in which I have found marked evidence of 
change probably from rotation, is in the observation of Har- 
monia. On six evenings the results agreed within* a few 
hundredths of a magnitude; on the other three evenings, the 
discrepancy was .70, .33, .74, brighter. I am confident that 
there was no error from misidentification. It is possible 
that light clouds partially obscured my comparison stars, 
but at present this seems incredible. 

There is one series, which although unfinished, I wish to 
refer to specially, because it is supplementary- to similar ob- 
servations by Professors Pickering and Harrington; my 
observations of Vesta. Professor Pickering in 1880 ob- 
tained for the brightness, reduced to the distances unity, 
3.95. In the following year he made it 3.91 ; the mean being 
3.93. Six \'ears later, comparing with entirely different 
stars, in a different part of the heavens, and having no de- 
|>endence whatever upon his previous observations, I 
brought out in my preliminary reduction, precisely the same 
value, 3.93. I subsequently found Professor Harrington's 
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obserYations in 1883, also entirely independent, which gave 
the value, 4.10 or M .17 greater. These observations had 
not been corrected for phase. 

The agreement between these results proves that our sun 
has not within the last seven years, varied appreciably in 
brightness; it proves that whatever irregularities there may 
be from rotation or other unknown causes, the light of the 
planet Vesta, in a series of observations, is a reliable stand- 
ard of comparison; and I think it also proves that it is not 
yet quite time to **call a halt.** 

The observations were continued up to Sept. 19. Appl3'- 
ing the correction for phase deduced from the observations, 
M .02 for each degree of the angle at the asteroid; to each of 
the foar series of observations, the brightness, reduced to 
distances unity and corrected for phase, was as follows: 

Pickering, 1880 M 3.59 

1881 M3.v54 

Harrington, 1883 M 3. Go 

Parkhurst, 1887 M 3.45 

Final mean, 3.52 

In the final mean, I have given, weights to the several 
series according to the number of comparison stars em- 
ployed, and independently compared with Polaris. The 
weight to be allowed for the meridian photometer observa- 
ions of Pickering was somewhat arbitrary, but its amount 
does not perceptibly aifect the result. 

The mean error of my observations did not appreciably 
exceed the mean errors in observing the comparison stars. 
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This number completes Volume VI of the Messenger, and 
hence nearly all subscriptions for the new volume of 1888 
are due. If payment be made in advance, or before Jan. 20, 
the usual price of two dollars will be charged ; if made later 
$2.50. Subscribers are respectfully asked to notify us 
promptly if continuance of the Messenger is desired. 
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The Representation of Comet Orbits by Models is the title 
of an instructive and very carefully written article by Pro- 
fessor William Harkness of the U. S. Naval Observatorv. 
Though unusual space is given to this theme, the details of 
making models of comet orbits are so fully and plainly stated, 
that even students of elementary astronomy could do the 
work well if so inclined. We, think it not too much to say 
that every teacher of astronomy, in any grade of school, 
would find these home-made models verv useful aids in con- 
veying to their students definite ideas of the motions of 
comets and planets. 



Recent Showers of Meteors {continued from Sidereal Mes- 
senger, Sept. and Oct., 1887, p. 288). — During the three 
months from August 1 to October 27, 1887, I spent 1 271/2 
hours in observation and saw 1144 meteors. On the whole 
the weather, though not exceptionally good, has proved 
tolerably favorable for this branch of work. From the many 
radiant points determined I have selected the following as 
representing the best streams recenth' seen here : 



Epuch of Shower. 



Auffust 6-25 

AuKiist 7-22 

Auprust 7-23 

AUKUfit 10-24 

AuRnst 10-24 

Auj?u«t 14-23 

AugUHt 20-24 

Aufflist 20-24 

August 20 25 

Reptenilifr 7-24.. 
September 7-24.. 
September 7-24.. 
September 12-22. 
September 13-24. 
September 17-19. 
September 17-22. 

October 11-14 

October 11-15 

October 11-21 

October 11-24 

October 12-21 

October 14-15 

October 14 20 

October 14-21 

Octol»erl4 2l 

October 14-24 

») tober 17-21 

October 20-21 



Niffht of 
Max. 



Aup;. 

Au . 

Aug. 

Auk. 

Auk. 

Auk. 

Auk 

Auk. 

Auk. 

Sept 

Sept. 

Sept. 

Sept. 

Sept 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct 

Oct. 

Oct. 

Ort. 

Oct. 

Oct. 

Oct. 

Oct, 



25. 
21. 
23. 
24 
24. 
23. 
21. 
21 
23 
19. 
17. 
8. 
IK. 
24. 
18. 
22. 
13 
14. 
21. 
14 
13. 
15. 
14 
11 
14 
14. 
20. 
21. 



RadiHUt 

Point 
R. A. Dec. 



No. of 
Meteors. 



334 + 58 


1 10 


73 + 41 


10 


327 + 48 


8 


i:;5 + 78 


7 


349 + 49 


11 


264 + H2 


7 


54 + 71M. 


10 


347 + 15 


7 


43 + 39 


9 


5 -r 10 


15 


64 + 22 


S 


K58 + (JO 


10 


28 + 72 


7 


7 + 44 


7 


41 + 38 


7 


33."> + 58 


12 


192 + US 


10 


40 + 29 


12 


29 + 72 


13 


40 -r 20 


45 


312 + 77 


8 


25 + 44 


10 


117 + 47'/i 


8 


;>4 -r ; 1 


12 


105 + 22 


12 


1.35 + 6> 


11 


47 + 44 


8 


125 + 43 


7 



Appearance. 



leather swift. 

Very Hwjft: streaks. 

Slow; faint. 

S^ift. 

Rather slow. 

S'ow: trained: brilliant. 

Very swift; streaks. 

Slowlflh. 

Swift; streaks. 

Slow; sh ort. 

Very sw'ft; streaks. 

Slowish. 

Slowisb; short. 

Slowish. 

Swift; streaks. 

Slow; bright. 

Slow; bright; trained. 

Swift; short. 

Swift; small; short. 

Rnther swift. 

Swift. 

Slow; small; short. 

Ve y swift; streaks. 

Swift. 

Very swift; streaks. 

Swift. 

Swift. 

Very swift; streaks. 



In addition to these I re-observed those well known 
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showers the Perseids and Orionids. I have already given a 
table of my results for the Perseids up to the end of July 
(see Messeeger, Sept. and Oct. 1887, p. 288) and now sub- 
join a list of the radiants for this stream determined here in 
August. 



Date. 



AufTust 6. 
An^ast 7. 
Aofrast 8. 
Anffast 10. 
AoKUst 11 
AagOHt 14. 



1887. 



Radiant. No. of .Meteore. Appearance. 



U.A. 

o 



Dwl. 

o 



42 + 55 

43 + 5« 
4:j + 5« 
4l>Vi+ oTVi 
45 -f 57Vs 
53 -f 57 



5 • 



6 
2-J 
16 

H 



The Perseids 
a^e^wift,b^lJ^:bt 
nieteoPH, leav- 
infr phosphur- 
CHcent Htreaku. 



The remarkable displacemet to the east as shown b\' the 
radiant this year fully confirms my previous observations re- 
ported in the Sidereal Messenger, April, 1886, p. 107. 

I watched the shower of Orionids verv closelv in October, 
with an endeavor to trace an3' change also aflfecting its 
radiant but the displacement, any, if is too slight for deter- 
mination. Alv observations were as follows : 



Date. 

18X7. 

October 11-14 

October 15 

October 17 

October 19 

October 20 

October 21 

October 24 



Radiant. 



R.A. 

o 



Decl. 

o 

91 -f 17 

91 -f 1« 
90 -f- 15 
9om- 15'/i 

90 + 14V^ 

92 -f 14 

91 + 1« 



So. of Meteors, 



5 
17 

3 
10 

23 
9 



Appearance. 



The Orionids 

are very 8lmi- 

lar in tlieir vis- 

i'»le aspect, to 

ithe Perseids. 



Allowing for the unavoidable errors of observation the 
radiating center of the shower seemed slackening at 
91° + 15°. 

In addition to this annually recurring stream, we have 
this vear been favored with a fine displav of meteors from a 
radiant at 40° + 20° near e Arietis. I recorded 45 of its 
meteors in October and have previously referred to this syvS- 
tem as a very prominent one at this epoch. (See Monthly 
Notices, Vol. XLIV, p. 24-26.) w. f. denning. 

Bristol, England, Oct. 27, 1887. 



The Supposed Satellite of Venus. — A very interesting and 
valuable paper entitled ** Etude sur le Satellite Enigmatique 
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de Venus/' comes to us from the Royal Academy of Belgium, 
through the courtesy of the author, Mr. Paul Stroobant. 
It is well known that in a certain number of instances, all 
previous to the present century, observers have seen in the 
same field of the telescope with Venus a small object which 
might have been recognized as a satellite, but for the fact 
that it was seen only at intervals, sometimes of fifteen or 
even fift\' years, and that it has not been seen at all during 
the present century, although we possess telescopes of far 
greater power and better quality. 

The ^uthor says that his attention was called to the study 
of this question by an article published by Professor Houzeau 
in 1884, in which it was suggested that the observations 
might be explained by supposing the existence of a small 
planet revolvingin an orbit a little exterior to that of Venus. 
Mr. Stroobant rejects this h^'pothesis, as well as the seven 
other hypotheses which have been oflFered at various times 
and leads us to the surprising conclusion that in nearly 
every instance the observers saw nothing but fixed stars 
which can be identified upon the star charts which we now 
possess. In several cases it seems astonishing that the ob- 
servers did not satisfy themselves that they had not ob- 
served a fixed star. For instance, in the observation of 
Roedkioer and Boserup at Copenhagen, August 4, 1761, the 
observers took Xi Ononis (oth mag.) for the satellite, while 
using ^3 Orionis (oVb niag.) as a comparison star. Again, 
the stars observed for the satellite by Roedkioer, July 18, 
August 7, and August 11, 1761, were m Tauri, (5th mag.), 
71 Orionis (6th mag.), and r Geminorum (4^ mag.), and 
that by Horrebow, Jan. 3, 1768, ^ Librae (4y2 mag.). The 
motion which the last observer ascribed to the satellite dur- 
ing his observation is exactly equal and in the contrary 
direction to that of Venus. 

The author gives first in tabular form a summary of all the 
observations of the supposed satellite, 33 in number, from 
1645 to 1768, then the data for computing the apparent 
places of Venus, upon the celestial sphere at the moments of 
observation. He then reviews the various hypotheses which 
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have been advanced in regard to these observations and fin- 
ally compares the computed places of the satellite with the 
star charts. In a few instances the identification of the object 
observed with an existingstar is not quite satisfactory, and 
it may be possible that some one of the brighter minor plan- 
ets has thus been observed. In one case, Roedkioer, March 4, 
1764, it seems ver3' probable that the planet Uranus was ob- 
served, the distance betweeen the two planets being then 
onlv 16^ 

In an appendix the author gives the original text in regard 
to each ol the observations. This appendix alone makes the 
paper very valuable to astronomers to w^hom the original 
texts are diflScult of access. There are added three plates giv- 
ing star charts upon which the positions of Venus and the 
observed satellite are noted. h. c. w. 



A''. C. Djaer, Astronjmi^r at Lund Observatory, Sweden, 
Avrites Mr. J. A. Brashear recently, a very complimentary let- 
ter concerning the Rowland gratings which were supplied to 
him by Mr. Brashear. Mr. Duner finds the optical qualit3' of 
the gratings " most satisfactory," and he says *' the bright- 
ness of the spectra of the 3d, 4th and 5th orders are really 
surprising, and in fact greater than that of the 2d, a circum- 
stance which is verv favorable for mv researches in which 
great dispersion is desirable.'* Other foreign observers see- 
ing Mr. Dciner's grating have asked for copies of some as 
large as the G-inch concave grating. 



Comet Meteor Radiants. — Below will be found the radiants 
and distances of the new comets of last year. The present 
hst is a continuation of my last, given in Sidereal Messen- 
ger, 1886, p. 152. The first column contains the current 
number; the second gives the designation of the comet in the 
order of perihelion passage of the year ; the third, the discov- 
erer; the fourth, the day of the earth's passage through plane 
of comet's orbit; the fifth designates the nearest node; the 
sixth, the distance of this node irom the earth's orbit in the 
order R — r, the earth's distance from the sun being taken as 
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unity ; the seventh and last column gives the radiant for the 
day in question. 



Current 
Number. 



Declination 

of 

Comet. 



Dlflcoverer. 



1 18SH 

2 Isss; 

3 1S«0 

4 188« 

r> 18S6 

« 1SS« 

7 1S8(S 

8 1886 



EurHj'fi 

PaHBa^e 

tlirou»^h 

Node. 



DeRiRrnntion 
of Node. 



Earth's 

DiKtanee 

from 

node. 



Radiant. 



R.A. 



I I^^abry April 27 DeRcendinff. 

II iBarnnrd ....i.Mty lu) DeHceudinp:. 

HI jDroolvH I'luly II Aneendinir.. 

IV illrooIcH |May 13 l)eHeen<iinK. 

V :BrookH iOet. « Dertcendin«. 

VII ; l^'inla.v Nov. KJ AneendinK' .. 

VIII JB«rnard Fune 9 AHcenoinj?.. 

IX Barnard.... Feb. G Ascending?.. 



-f 0.11 
+ 0.30 
H- 05 

— 0.30 
+ 0.72 

— 0.14 

— 0.56 

— 25 



I 322. 

I 350, 

20. 

158. 

88 

203. 

3 

173. 



Decl. 



-f 30.O 

+ 49.0 

— 40. f> 
H- 54 2 
H- 78.J> 

— 36.4 

— 61 tt 



5 — 32.7 



Harvard College ObsV, Oct. 22, 1887. o. c. wendell. 



The Star of Bethlehem. — In your issue of Sept.-Oct. j^ou 
have an article on the above subject. May I ask your per- 
mission to call attention to one point which seems to me to 
be of vital importance, and which appears to be entirely 
overlooked? Apart from any question as to the actual oc- 
currence, a scientific consideration of the various h3'potheses 
put forward to account for it would, in the first place, divide 
these hypotheses into two groups — terrestrial and celestial. 
If this be done, and we then proceed to consider the Bible 
account, — that the star " went before till it came and stood 
over the place where the young child was/' — we shall see at 
once that none of the celestial phenomena put forw^ard to 
account for the story are admissible. The " planets'' are 
** wanderers," to be sure; but the perturbations which led 
to the discovery of Neptune would be nothing to what 
would have occurred if Jupiter and Saturn or Jupiter and 
Mars had so far wandered from their ordinarv courses as to 
lead the Magi to imagine that they were following an ac- 
tually moving body preceding them in their travels. And 
when the *'star" had arrived at its destination, and 
** stood over" the place — what then ? Suppose Jupiter to be 
be in the zenith, what would the editor give for his chance of 
finding sonic buccaneers' buried treasure, because he knew 
the planet '*was over the place" where the treasure w^as? 
Of the four heads under which the subject was considered in 
the article, three I think, must be ruled out at once, — those 
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relating to planets, comets and stars, — and the first left in 
possession of the field. For, not only does this give an am- 
ple explanation of the matter, but all the other suppositions 
are tainted with the objection that they are extensive inter- 
ferences with the natural order which do not evade the im- 
putation of miraculousness, which is the onl3'^ objection to 
the first head ; or that they are merely accidental coincidences 
in which case the Divine guidance would appear to be en- 
tirely lost sight of. I think you will agree with me, that 
those who are not satisfied with the explanation under the 
first head, are not likely to be satisfied by any possible hy- 
pothesis under any of the others. jas. t. ellis. 
Toronto, Ont., Oct. 22, 1887. 



Observing" Nebulae at Leander McCormick Observatory. — 
A method of obtaining the places of new nebulae, lately intro- 
duced at the Leander McCormick Observatory, is given with 
the hope that its use will insure better places than have been 
previously, in many cases, given. The method has been only 
lately rendered convenient for use on southern nebulae by the 
publication of the Southern Durchmusterung. The eye-piece 
on a filar micrometer is used in sweeping ; the wires being in 
the meridian the differences of right ascension is observed, by 
means of a chronometer, or the beats of the armature of the 
driving clock, between the nebula and two stars of such mag- 
nitudes as to insure their being found in the Durchmuster- 
ung. The micrometer is then turned through 90°, the fixed 
wire placed^ on the nebula, the telescope is then moved until 
thie star is in the field, and the movable wire placed on it. 
The reading of the micrometer together with the reading at 
the coincidence of the wires gives the difference of declina- 
tion. The position of the telescope is obtained roughly, this 
with the observed difference of right ascension between the 
stars serves to identify them almost beyond adoubt. In this 
way in a few minutes the place of the nebula can be obtained 
with very little chance of error, and as accurately as is vsrar- 
ranted by the star places in the Durchmusterung. If an 
electric light, the brightness of which is regulated by a switch 
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close at hand, is used to illuminate the wires almost any neb- 
ula visible in theteleseope can be observedin theabove way; 
and the accurate place of almost any visible nebula with a 
condensation can be obtained in the usual way with a filar 
micrometer with such illumination. 

A more convenient way of obtaining the places of nebulae 
approximately w^ould be to have an eye-piece like that of a 
square bar micrometer with three of the bars removed and 
the fourth graduated to, say, ten, or twenty, seconds of arc. 
This one bar would not interfere much with sweeping, places 
could be obtained rapidly, and probably as accuratel3',in the 
case of diffuse nebulae, as in any other way. 

FRANK MULLER. 



The Scienti£c American, one of the best papers of its kind, 
is doing astronomy a real service in a popular way. The is- 
sue of Sept. 24 contained an instructive article, fully illus- 
trated, on the theme **How Telescopes are Made," showing 
cuts of the Alvan Clark shops at Cambridgeport, Mass., 
inside and outside, and describing their methods of work 
intelligently and somewhat in detail. The group of three sit- 
ting at a table, representing the senior Alvan Clark (recently 
deceased), Alvan G. Clark and George Clark, is true to life. 

In the number of October 15 we have another illustrated 
article entitled ** Harvard Observatory and theHenry Draper 
Memorial.'' Those who have not visited these places will 
get definite knowledge of them by these articles. 



Charles B, Hill, assistant at the Chabot Observatory, Oak- 
land, California, finds opportunity to make observations 
such as the Messenger has given fequently, outside of the 
time devoted to public uses of the observatory for which it 
was built. The instruments are, an 8H-inch Clark equator- 
ial, a 4-inch Fauth Transit and the necessary astronomical 
time pieces. 



Mr, D. Appel, of Cleveland, O., recently returned from 
Europe. While in Germany he visited the principal cities of 
the Rhine, thence he made a tour through Italy and Switzer- 
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land and back again to Germany, reaching Berlin Aug. 16. 
He was at Bramberg, Aug. 18, with a view of observing the 
corona during the total solar eclipse. At the same place 
were some of the Vienna astronomers. Dr. von Konkolv and 
von Gothard. Clouded skies defeated observations. Mr. 
Appel visited several of the leading observatories while 
abroad. 

Report of the Leander McCormick Observatory by the Di- 
rector, Professor Ormond Stone, for year ending June, 1887^ 
though brief has man3'^ points of interest. The discussion 
of the nebula of Orion, respecting change of brightness, is 
quite in accord with views recently published by Professor 
Holden, although the interesting details of structure and 
probable variation of relative brightness brought out by 
Professor Stone make the evidence fresh and quite conclusive. 
The examination and sketching of southern nebulae have 
been continued during the last year, resulting in 351 obser- 
vations of miscellaneous nebulae, and in the discovery of 270 
nebulae supposed to be new. Considerable work has also 
been done in the measurement of southern double-stars. 



Catalogue of Red Stars. — A working catalogue of Red 
Stars, prepared by G. F. Chambers, of England, is a compila- 
tion of observations extending aver a period of seventeen 
years from 1870. The telescope used in the earlier part of 
this work by Mr. Chambers, was a 4-inch refractor by 
Cooke, but all observations made after 1884 were by a 6-inch 
refractor by Grubb, having a low power eye-piece and a field 
of 1%°. Star catalogues covering dates from 1804 to 1876 
have contributed red stars to his catalogue, making a total 
number of 719; This is a very useful compilation in the 
furtherance of needful study of stellar physics. 



The Asteroids, — An essay on the asteroids recently pre- 
pared by Professor Daniel Kirkwood,Bloomington,Indianay 
and published by Messrs. J. B. Lippincott of Philadelphia^ 
will be issued during the present month. Professor Kirk- 
wood is authority concerning the astronomy of the minor 
planets. 
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Warner Observatory. — Dr. Lewis Swift has recently pub- 
lished a series of articles on popular astronom)' in the Roch- 
ester ** Union and Advertiser/' entitled ** Simple Lessons in 
Astronomy.*' They are profitable reading for any one, es- 
pecially the student, the teacher and the amateur. In a re- 
cent letter he says that Dr. Dryer'^new general catalogue of 
nebulae will soon be ready for dis;)^bution. It contains 7840 
nebulae besides those of the postscript. 
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Chauvenet's Treatise of Elementary Geometry, Revised and 
Abridged ; by W. E. Byerly, Professor of Mathematics in 
Harvard University. Philadelphia : Messrs. J. B. Lippincott 
Company, Publishers, 1887, pp. 322, 8 vo., cloth, price 
$1.28, 

Most students of mathematics knowm of the excellent 
text-books written by Chauvenet. As prepared by himself, 
we do not know of any better in the English language, gen- 
erally speaking. Apparently this author could write on 
themes of pure mathematics, in close, exact and logical 
phrase, as a ready talker converses with a friend, or a genius 
speaks his living thoughts. His writings show instructive 
insight and naturalness. The only trouble that the prepara- 
tory schools have found with these books is that they were 
too comprehensive for common use. To meet this diflficulty 
Professor Byerly has revised and abridged the Geometry, a 
copy of which has just reached us. 

There are three things in this book that are mostly new 

and excellent. They are 

(1) The introduction of numerous graded exercises in the 
body of the book, with suggestions to aid the student in solv- 
ing the more diflficult ones. (2) Stress laid on independent 
thinking on the part of the student as distinguished from 
mere memorizing; and (3) A syllabus of most important 
propositions and corollaries. The first point only needs to be 
stated ; the second point is a wise step, urging teacher and 
student to adopt, at the earliest time possible, the true mod- 
ern method in Geometry which is ** demonstration at sight " 
as Latin and Greek are now taught to be read at sight in 
the best schools. The right use of this book must bring 
most desirable results. 
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